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I. 
= — > Wed _— . A . R . aNCE 
PROJECTILE ENERGY AND ARMOR RESISTANCE. 


The introduction of armor as an element of naval warfare was the 
direct result of the increase in power of artillery beyond the capability 
of wooden walls for protection to men and material; and the develop- 
ment of armor is a direct sequence of the development of artillery. 
No description of armor experiments can, therefore, be rendered 
thoroughly intelligible, nor can discussions with regard to armor be 
intelligently carried on, without first having a clear idea of the artillery 
power, upon which its existence and development depend. 

Since it is the especial object of armor to give protection against 
the effects of projectiles, the true definition of ‘artillery power,” as 
the term is used in discussions with regard to armor, is: That power 
of projectiles which tends to overcome the resistance offered by 
armor. When a gun is fired, the projectile leaves the muzzle posses- 
sing a certain power—that is, it will do a certain amount of work in 
coming to rest. No matter how or under what circumstances the 
projectile is brought to rest, it will always have done an amount of 
work exactly equivalent to the power imparted to it by the explosion 
of the charge of powder. This power, possessed by the projectile just 
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as it leaves the gun, is called muzzle energy. In order that the mind 
may be capable of estimating its amount and its relation to other 
forces, a unit of measurement is given it, called the “ foot-ton,” 
which is the amount of work required to raise a ton weight one foot 
high. The expression for any number of these units, in mathematical 
language, is E= fe V*, in which £ is the energy in foot-tons, W is 
the weight of the projectile in the fraction of a ton, g is the force of 
gravity, and V is the velocity in feet. Wherever, therefore, the 
weight of a projectile is known and the velocity with which it is 
moving, the amount of energy that it contains or the work that it will 
do may be estimated. 

When the projectile moves from the muzzle of the gun it com- 
mences to do work, or use its energy in overcoming the obstacles to 
its flight. In tracing this dissipation of energy of a projectile when it 
attacks armor, it will be conducive to clearness to divide it into three 
distinct parts: 1. The wasted energy, or that which is used in doing 
work elsewhere than on the armor and the objects which the armor 
protects; 2. The useful energy, or that which is actually transferred 
to the armor and overcomes its resistance ; 3. The surplus energy, 
or that which remains after the armor is overcome, to do damage to 
the objects protected. In passing from the gun to the armor, a cer- 
tain amount of energy is wasted in overcoming the resistance of the 
air to the projectile in flight. On striking the armor, if the projectile 
becomes deformed by the impact, that deformation represents more 
wasted energy. If it is broken in pieces, the act of breaking measures 
another loss; in the latter case, any change in the direction of the 
flight of the pieces wastes still more energy; while if the pieces are 
thrown back from the armor, all the energy which they have left is 
wasted. 

The tendency of a projectile when it strikes armor is to keep on in 
its original direction or penetrate. If it penetrates at all, that penetra- 
tion represents a certain amount of usefu/ energy. The act of pene- 
tration creates a disturbance in the particles of the armor immediately 
surrounding the place struck, which disturbance spreads in waves of 
vibration like the disturbance-waves caused by a body striking a still- 
water surface. If this disturbance is sufficient to either wholly or par- 
tially overcome the cohesion of the particles, the resulting cracks or 
distortions represent another factor of useful energy. (In using the 
term armor, unless special designation is made, it will be understood 
that not only the actual metal plates are meant, but also the backing, 
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fastenings, and all other supports not forming an integral part of the 
frame of the vessel ; therefore the crushing and piercing of backing 
and shearing or snapping of bolts represent factors of useful energy.) 

If the energy transferred from the projectile to the armor be suffi- 
cient to cause any part of it to affect the objects protected, the move- 
ment causing injurious effects is a measure of surplus energy. All 
the remaining energy left in a projectile, or in parts of it, after passing 
through armor, is also surplus. In estimating the va/we of surplus 
energy, the effectiveness of its distribution is a most important ele- 
ment. An energy that is barely sufficient to kill one man may, if 
properly distributed, disable a dozen, or that which would break a 
single piston-rod might disable two or more engines. 

If, in any armor experiment, all these factors of energy be summed 
up, the total will be exactly equal to the muzzle energy ; and it follows, 
as a corollary to this assertion, that, knowing the amount of muzzle 
energy, the factors may be deduced from observation of the effects; 
and, when classified, and the laws of their variation are known, the 
relative value of armor-guns and of different types and dispositions of 
armor may be closely estimated. 

The first step necessary in the investigation of the value of the 
various factors, is to present to the mind by means of figures a tangible 
idea of the magnitude of muzzle energy necessary to overcome armor. 
In establishing this magnitude it is well to start at the point where 
artillerists had so developed it as to render imperative the introduc- 
tion of armor. The naval guns used in all the first armor experiments 
of importance were the 32 pdr. and 68 pdr. smoothbore, or other 
guns approximating very closely to these in power. The 32 pdr., 
with a powder charge of ten pounds and a projectile of 32 lbs., gave 
a muzzle energy of about 650 foot-tons. The 68 pdr., with a powder 
charge of sixteen pounds and a projectile of 66 lbs., gave a muzzle 
energy of about 1150 foot-tons. It may therefore be assumed with- 
out much error, that the existence of muzzle energies of from 500 to 
1000 foot-tons caused the introduction of armor. 

Since the period of the first introduction of armor, artillery has 
developed from the 68 pdr. smoothbore to the 2000 pdr. (100 ton) 
rifle, whose muzzle energy averages about 35,000 foot-tons; that is, the 
heaviest projectile used afloat to-day will do about thirty times as 
much work as the heaviest projectile used in ships’ batteries forty 
years ago. This small increase of power will, no doubt, appear sur- 
prising to many who have accustomed themselves to the loose asser- 
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tion that the heavy guns of to-day are immeasurably more powerful 
than those of old times. It is true, nevertheless ; and, as will be shown, 
the immeasurable superiority of the present guns is due, not to any 
great increase of original energy, but to a wiser disposition of it. The 
following list of guns, with the muzzle energies of their projectiles, will 
prove useful to those who wish to accustom themselves to the con- 
sideration of these original magnitudes. 


32 pdr. shell gun, 467 foot-tons. 
32 pdr. shot gun, 642 
68 pdr. shot gun, 1145 
10 inch shell gun, 1025 
15 inch cored shot, 7273 
Old type 40 pdr. Armstrong rifle, 386 
“ “120 pdr. Armstrong rifle, 1207 
10 inch Woolwich rifle, 5165 
roo ~ton Armstrong rifle, 35094 


10% inch Armstrong wire rifle, 12750 


In order that a projectile should overcome armor, it must be 
brought in contact with it, and the act of transportation from the 
muzzle to the armor requires'an expenditure of work which has been 
classed as waste energy, and its amount must be known, so that an 
idea may be obtained of the “ striking energy,” or that which actually 
attacks the armor. It is not the province of this article to investigate 
the laws of the resistance of air, but from the following table, which 
gives the percentage of energy lost by projectiles from the guns 
above mentioned in traversing different ranges within good fighting 
distance for men-of-war, an idea may be formed of the importance of 
this source of waste. 





| Percentage of Energy lost in a Range of 











Gun 
30 _ 300 _600 _1200 
| Yards | Yards. | Yards Yards. 

| 
32 pdr., 10 lb. charge. ............. | 43 | 355 | 56.8 76.0 
68 pdr., 16 lb. charge .......-...+.. | 3.8 30.5 | 48.4 68.4 
15 inch, 100 lb. charge.............. | 1.8 16.0 | 29.2 38.1 
40 pdr. rifle, 5 lb. charge ........... 1.2 11.3 | 201 31.4 
210 r. rifle, 18 lb. charge........... | o8 | 8.2 | 15.3 25.6 
10 inch Woolwich, 70 lb. charge..| 0.7 6.0 11.6 21.5 
10% inch Armstrong, 250 lb. charge} 0.6 5-4 | 10.7 20.4 
100 tons Armstrong, 440 lb. charge.| 0.3 3.6 7.0 14.0 
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It is very often the custom, in comparing the powers of different 
guns, to leave entirely out of consideration the effect of the resistance 
of the air on projectiles, under the supposition that for moderate 
ranges it is not of any importance. This table shows at a glance 
how serious a matter this factor of waste energy is. The old 32 pdr. 
lost in this way more than half its power in a range of 600 yards, or 
in less than two seconds from the time it left the gun. The 100 ton 
projectile in a range of 1200 yards loses more energy than the 10 inch 
Woolwich projectile possesses at the muzzle. The great advantage 
that the artillerist has secured in economizing this waste energy is 
strikingly shown in comparing the 100 ton gun with the old 68 pdr., 
as was done before. It will be found that the energy of the heavy 
projectile at 1200 yards is more than 83 times that of the light one, 
instead of 30 times, as it was at the muzzle. Or, again, comparing 
the 15 inch spherical projectile and the 10} inch rifle projectile, both 
of which weigh 450 lbs. The latter at the muzzle has about 57 
per cent. greater energy, while at 1200 yards it has more than 100 
per cent. greater. Again, the 68 pdr. fired 16 lbs. of powder and 
the old 128 pdr. 18 lbs., which would develop, roughly, ro per cent. 
more power. At 600 yards, which was considered good fighting 
range for the 68 pdr., nearly one-half of the power was gone, while 
the 120 pdr. had only lost less than one-sixth of its energy. 

The next factor of wasted energy is that due to the deformation or 
breaking up of the projectile, and the first point to be investigated is 
as to whether armor will cause this effect. To ascertain this point it 
is necessary to examine the records of experiments. In 1854 experi- 
ments were carried on in Portsmouth, England, with cast-iron projec- 
tiles of various calibres up to the 68 pdr., and the official report states 
that both solid and hollow projectiles would pass through # inch iron 
without breaking ; that hollow shot would break in passing through 
4 inch plates, but solid ones would not, and that solid shot would 
break in passing through # inch. This result was verified in 1863. 
Records of experiments carried on in the United States show that 11 
inch solid cast-iron shot would break up in passing through 3 inch 
plates, and 15 inch shot would break against 43 inch plates. Experi- 
ments in England and the United States showed that 68 pdr. 
wrought-iron shot would be deformed, so as to have an elongated 
diameter of 10 inches instead of 8 inches ; 10} inch shot elongated to 
13 inches, and 15 inch shot to 17 inches. In an official report of 
Woolwich experiments in 1856 of the 68 pdr. against 4 inch plates, it 
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is stated that the cast-iron shot broke up into small fragments on 
striking and spread right and left from 100 to 150 yards and about 50 
yards back. The wrought-iron shot did not break, but recoiled a few 
yards. In another report of that date the following sentence occurs : 
“ The effect of wrought-iron shot at 600 yards over cast-iron shot 
appears to be in the proportion of 3 to 1.” 

From the last quotation it would seem that fully two-thirds of the 
energy of cast-iron projectiles might be wasted on account of the 
liability to break up, the pieces being thrown off from the face of the 
armor and their energy wasted ; but it would hardly do to accept 
such a rough estimate, unsupported by more reliable evidence. This 
evidence is available, however, and is furnished from experiments 
made to determine this particular point by Fairbairn, whose name, 
associated with scientific investigation, is sufficient to establish the 
truth of the test. In 1862, whilst a member of a special committee 
engaged in experiments on armor, he made an official report, in which, 
after giving the full details of experiments on punching with different 
metals, he states “that cast iron is inferior to wrought iron and steel 
in its dynamic effect, or work done in crushing, in the ratio of about 
1 to 3 for steel and 1 to 2.6 for wrought iron.” From this, and 
assuming that the steel specimens with which Fairbairn worked were 
perfectly rigid, which approximates closely to the truth, it may be 
assumed that where the full power of projectiles is called into play the 
cast-iron one wastes 66 per cent. of its energy by breaking up, and 
the wrought-iron one 14 per cent. by deformation. Here, again, is 
seen the great importance to the artillerist of saving waste energy by 
choosing well the metal of his projectile. 

As an example of the actual magnitude of the waste energy, sup- 
pose a 68 pdr. cast-iron shot to be fired against a 44 inch plate at 600 
yards. Starting with a muzzle energy of 1145 foot-tons, it loses 48.4 
per cent. in going from the gun to the target, so that its striking 
energy is reduced to 591 foot-tons. In its attempt to pierce or break 
down the armor it is broken up itself and the pieces are reflected, 
causing a loss of 66 per cent. of the striking energy, so that of the 
original 1145 foot-tons but 195 will have performed actual work on 
the armor. In comparison with this loss, take the old Armstrong 120 
pdr. projectile—supposing it to be of tempered steel. The muzzle 
energy is 1200 foot-tons, the striking energy at 600 yards is 1064, and 
since the projectile neither breaks nor deforms, all of this energy does 
work upon the armor—or, in other words, the comparative effective- 
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ness at the muzzle of the 68 pdr. smoothbore and the 120 pdr. rifle 
being as 1 to 1.05, is at 600 yards, through the saving of waste energy, 
as I to 53 nearly. 

Thus far in the investigation the artillery side of the subject has 
been alone considered, as it is beyond the province of the armor manu- 
facturer to control either the amount of muzzle energy given to the 
projectile, or the amount of waste energy created by reason of the 
form or material of the shot. In the distribution of the useful and sur- 
plus energies lies the ground of conflict between guns and armor. As 
has been before explained, useful energy is expended in accomplish- 
ing two distinct objects; namely, piercing the armor and racking it. 
Both of these effects are apparent in all cases of impact of projectiles 
against armor ; but it is within the power of the artillerist to so divide 
these effects as to throw the main part of the energy into either pene- 
trating or racking, as he chooses; and (what should not be lost sight 
of) it is equally in the power of the armor manufacturer to so consti- 
tute his armor as to give it special powers of resisting the one or the 
other effect. 

This possibility of developing artillery power, so as to throw the 
main stress or useful energy either in the direction of punching or 
racking, gave rise at an early period of armor experiment to much 
discussion as to the true line of development, and since but one of the 
two lines of development could be the true one, the subject merited 
the most careful investigation. A thorough understanding of this 
point is fully as important now as it was then, especially to naval offi- 
cers, who have both the artillery and the armor to deal with. The 
bases of the arguments may be stated as follows: 

st. Those in favor of punching held that the most feasible method 
of attack was to waste no power in racking the whole side of a ship, 
but to devote the power exclusively to punching the armor—with 
Shells, if possible. 

2d. Those in favor of racking held it to be the better method to 
waste no time in punching mere holes, but to so increase the weight 
of the shot (reducing the velocity correspondingly, so as not to over- 
strain the gun) that the entire blow shall be expended in straining, 
loosening, and dislocating the armor and breaking its fastenings, thus 
tearing it off, after which the vessel will be easily destroyed by shells. 

A very erroneous idea was for a long time prevalent amongst those 
who were not experts, and it still exists even in text-books, with re- 
gard to the manner in which artillerists treated the subject—it being 
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asserted that punching was produced with /igh# projectiles having 
high velocities, and racking with Aeavy projectiles having /ow veloci- 
ties. Such effects will be produced under certain circumstances with 
these conditions ; but, starting from such an indefinite basis, the mind 
is quickly led off into erroneous speculations. As a case in point, it 
will be found that, as a rule, this basis is illustrated by the familiar ex- 
periment of firing a bullet through a pane of glass and punching a 
small hole, while by throwing a large pebble the whole pane is 
smashed. This is true as regards the substance glass, whose qualities 
cannot be modified by ordinary processes. If, however, a sheet of 
sole-leather be substituted for the pane of glass, the illustration falls to 
the ground. As a matter of fact, the qualities of good iron plates no 
more resemble glass than leather, and whilst—if the armor manufac- 
turer had to deal with either of the latter substances—he would find 
it almost impossible to modify their peculiarities, he can easily modify 
the qualities of iron so as to approach quite close either to the hard 
and brittle character of the glass or the soft and ductile nature of the 
leather. Such an illustration, therefore, proves nothing, as far as 
armor is concerned. 

Whatever be the nature of the effects produced, they are caused by 
what has been designated as useful energy. Punching is produced 
by concentrating the striking energy on the smallest possible space of 
the armor, and racking is produced by spreading it effectively over 
the largest space. Whatever work is expended in producing one 
effect is, as a matter of course, so much lost from the production of 
the other. Therefore, in dealing with the subject the mind must never 
lose sight of the fact that the whole question is resolved into the one 
of the most effective distribution of energy. 

The spherical and the pointed projectiles represent the instruments 
for producing the extremes of the two results. Instead of wandering 
about in the mazes of possible effects, it is proposed to show the ob- 
stacles encountered with the two systems. First, then, with regard to 
punching. In this case the striking energy is concentrated on the 
smallest space possible. If there is energy enough to overcome the 
armor and to spare, the projectile will go through, and then, by its 
surplus energy, be carried much further on, but its small size and 
its direction may keep it from damaging any of the objects protected. 
It is the chief object of projectiles to harm the objects protected, and, 
if this projectile has not harmed them, all its surplus energy is 
turned to waste instead of being changed into useful energy by rack- 
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ing, and thus preparing the way for following shots. On the other 
hand, of all descriptions of projectiles striking armor with a given 
energy, that one will be more certain to reach the objects protected 
which concentrates its energy on the smallest space of the armor. 
The shape of the elongated one gives the particles of metal of which 
it is composed the best possible support in overcoming resistance, thus 
permitting the use of shells, and the artillerist takes advantage of this 
quality in utilizing the shell-charge to increase the distribution of the 
surplus energy, as well as to’ give new energy to the broken pieces, 
thus really attaining the object sought. 

Second, with regard to racking. The projectile itself does not 
pierce the armor, therefore its main object, which is to harm the ob- 
jects protected, is not attained. Its form is the worst possible for 
mutual support amongst the particles, therefore shells cannot be used 
with effect. On the other hand, the energy which caused the 
elongated projectile to simply bore a hole and then fly on into space, 
has been utilized in straining and disintegrating plate, backing, and 
fastenings, and all the work of this kind accomplished by one shot is 
so much relief for the next shot striking in the vicinity, aiding it to get 
through and do harm. 

It has been shown what a very important factor that of the waste 
energy is, produced by the resistance of the air. Now, of two shots 
reaching armor with the same energy, the elongated one will have 
lost much less than the spherical one. The latter, then, must have 
started with a greater muzzle energy, necessitating either a much 
higher powder pressure in the gun or a great increase in the weight 
of projectile, and, consequently, in calibre and weight of gun. The 
racking system, therefore, leads to a faulty development of artillery, 
since it requires rapid increase in weight of dead metal and involves a 
maximum of waste energy. Again, in the racking system the first 
shot simply prepares the way for the following one, which must strike 
in the vicinity ; but, as the shot is so made as purposely not to pene- 
trate iron, just in that degree will the air offer more etfective resistance, 
and thus destroy accuracy of fire, which is the prime condition of suc- 
cess and which should be developed to the highest degree in naval 
guns, owing to the unsteadiness of the gun platform. Thus it is seen 
that, to obtain the best racking effects, accuracy must be sacrificed, 
whilst to benefit from racking it must be preserved. The spherical 
projectile, to get beyond the armor, must be solid, while the demands 
for the greatest possible distribution of surplus energy can only be 


fulfilled by shell. 
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It has already been stated that both racking and punching effects 
are produced by all projectiles, also that the qualities of metal plates 
permit the armor manufacturer to develop their resisting qualities in 
either direction ; when, therefore, a certain projectile strikes a certain 
plate and smashes it like glass, it is not an evidence of the excellent 
system of the artillery, but of the poor quality of the armor. It is in 
this particular that the advocates of the extreme racking theory have 
fallen into error. Starting with their illustration of the bullet and the 
pane of glass, they closed their eyes to the fact that glass was an un- 
suitable armor, as proved by the experiment, and, other materials 
being available possessing entirely different qualities, a slight change 
on the part of the armor would destroy at once all the superiority of 
the pebble-throwing, whilst the bullet would still be effective. Those 
who advocated the racking theory cited as one of the strongest argu- 
ments, or rather evidences, in their favor, the effects of the 10 inch 
spherical shot on the side-armor of the monitors during the different 
attacks on the Charleston forts. Instances were frequent where whole 
sections of the side-armor were started off clear of the backing, some- 
times as much as four inches, so that apparently another blow in the 
vicinity would have knocked it off; in one case a portion of the Wee- 
hawken’s backing was actually laid bare. This did not happen, how- 
ever, on account of the absolute racking power of the ro inch projec- 
tile, but it was entirely due to the weak system of fastening the armor 
on. Had this evil been cured, it is absolutely certain that the plates 
would not have started off. The evidence of this fact existed in 
the conduct of the armor of the Ironsides, which was never started off 
in the slightest degree, owing to the manner of securing it to the back- 
ing, as will be shown further on. 

Another argument against the racking theory is well put by Cap- 
tain Noble, of the Royal Artillery, in a paper written by him in 1865, 
which was as follows : 

“ The champions of the ‘ heavy-weights’ say that the heavy shot at 
low velocities will shake the plate off and break all the bolts, and no 
doubt such results would be most effective—7/ they took place. How- 
ever, up to the present date these results have not taken place; the 
plates in the most obstinate manner refuse to be shaken off.” 

That this assertion of Noble’s is absolutely true is susceptible of 
easy proof in reviewing the results of naval conflict. The forts at 
Charleston were armed principally with 1o inch columbiads, racking 
guns par excellence. In all the engagements of the monitors there is 
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but one instance of the backing being laid bare, and that was due to 
a local smashing of the plates where three 10 inch shot struck almost 
in the same place. The record of the blows on the armor is as 
follows: Montauk, hit 214 times; New Ironsides, 193 times ; Weehaw- 
ken, 187 times; Patapsco, 144 times; Passaic, 134 times; Catskill, 
106 times; Nahant, 105 times; Nantucket, 104 times; Lehigh, 36 
times. The Keokuk was sunk under Fort Wagner by punching. 
The Atlanta surrendered from the effects of punching. The Tennes- 
see, at Mobile, did not shed a single plate, nor was her frame shaken 
from the concussions of over twenty 15 inch shot and whole broad- 
sides of lighter missiles. The Huascar surrendered when cut up by 
the 9 inch projectiles of the enemy, but not a single plate was racked 
off, nor were her frames broken by racking. The New Ironsides on 
one occasion sustained a fight alone against the combined forts of 
Charleston harbor. She remained in action three hours, holding 
down the artillery fire of the batteries, until she was obliged to haul 
out for lack of ammunition to keep up the contest. During this time 
she was struck on her side-armor sixty times, but an investigation 
showed her to be entirely uninjured. Not a plate was smashed, or 
bolt started, or man wounded. These being the circumstances, the 
question rises: How, under the racking theory, would a sea-fight 
have been settled with the same forces in action? Evidently both 
ships would have been forced to steam to their respective home-ports 
for more ammunition, or have adopted some other method of 
fighting. 

In spite of such positive evidence of the weakness of the standpoint 
that the armor of a ship should first be racked off and then the de- 
struction of the ship proceeded with, the theory has never lacked firm 
supporters, and every armor experiment in which a plate is badly 
smashed serves as a text for those who either will not or cannot dis- 
tinguish between a certain plate unsuited to the force brought against 
it and the general theory of development of guns as opposed to armor. 
Racking effects always have been and always will be apparent in a 
greater or less degree, and they cannot be neglected in the study of 
armor experiments either by the artillerist or the armor manufacturer ; 
but in laying down the principles of the true development of artillery, 
it must never be forgotten that, as will be abundantly proved hereafter, 
the armor manufacturer has the power through the qualities of his 
metal, be it iron, steel, or a combination of both, to so modify racking 
effects as to almost nullify them. 
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Turning now from the artillery to the armor side of the question, 
it is well to see in which direction the development of armor will be 
the most hampered. The main object to be accomplished in the 
development of armor is to protect the vulnerable things behind it. 
The secondary object is to furnish this protection with as little loss to 
itself as possible. In the discussion of the punching and racking 
theories, it is odd to notice how frequently the relative importance of 
these objects is changed. As an example, the case of the Spezia 
target trials in 1876 is cited. (This experiment is fully detailed in 
chapters IV and V.) A shot from the roo ton gun struck an iron 
plate and pierced the whole target, making a hole about four feet in 
diameter, and creating great havoc by the splinters flying behind the 
target. The effects of the blow were, however, in a manner localized, 
as a large piece of the plate remained firmly attached to the backing, 
whilst the broken parts were all very large pieces. A second shot 
striking a steel plate of the same thickness knocked almost the 
whole plate off the backing and smashed it into comparatively small 
pieces, but the shot did not get through the target, and not a single 
splinter or piece of projectile fell behind it. It was argued by many 
from this that the iron plate was the better armor. No doubt it was 
the better for self-preservation, but the steel plate had accomplished 
the main object. It had given protection to the objects behind it, 
even at the cost of complete sacrifice of its own consistence. The 
iron plate had not done so. The questicn of what a second shot 
would have done on both targets could not enter. The iron plate 
had let the first shot through, therefore it was fair to assume that it 
would let a second one in. The steel armor would let the second one 
in, but it had kept the first one out. As those plates actually existed, 
the superiority of the steel one as a defense against the 100 ton gun 


' was indisputable; it is only in treating the question of the true 


direction of development that the action of the steel could be criticized. 

Taking the case of an armor-plate made of wrought iron, and of the 
qualities shown in armor manufactured about 1856, that is, a plate of 
undeveloped iron armor, it would be found hard and brittle in its 
nature, whilst its many imperfections of manufacture made it easily 
penetrable. The quality of hardness tended to alter punching 
strains into racking ones, whilst the qualities of ductility and tenacity 
tended to circumscribe racking strains (but not to reconvert racking 
into punching strains, as is often argued: all racking forces are com- 
ponents of the original punching force). As improvements in manu- 
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facture were made, it was found to be an inherent quality of the 
metal that hardness could not be retained without the accompani- 
ment of brittleness. Here was a circumstance hampering the develop- 
ment, in that any attempt made to decrease the punching effect only 
served to increase the racking effect without increasing the quality of 
the armor to resist racking. On the other hand it was found that 
the ductility of the metal could be increased without reducing its 
tenacity, that is, the racking effects could be more circumscribed with- 
out decreasing the resistance to punching. This, then, was the line 
of development followed with wrought-iron armor, and it was the 
true one with respect to the metal wrought iron. Notice here, how- 
ever, that it has already been shown that the true development of the 
attack was in the direction of punching, and that this development of 
the defense, whilst circumscribing racking resistance, did not increase 
punching resistance ; therefore, as the energy of projectiles increased, 
the armor had to be made thicker in order to resist punching ; 
weight increased in direct proportion to thickness, and as in ships’ 
armor the limit of weight that can be allowed for armor is soon 
reached, the limit of development of wrought-iron armor for naval 
use was soon reached. _ 

When this limit was reached resort was had by the armor manu- 
facturer to a new material, which actually was harder than wrought 
iron without being notably more brittle. At the same time its 
tenacity and ductility were such as to circumscribe racking effects to 
narrow limits, and it is this new material which, under different forms, 
is now being developed. By this demonstration it is sought to bring 
out a point of especial importance, which should never be lost sight 
of by the student, and which is, the distinction that should be made 
between ¢rue and actual development. The latter may be a wise 
one for the accomplishment of a temporary object, but unless it starts 
from a true basis it cannot be lasting in its effects. The development 
of armor, as it has actually occurred, is a striking instance of this 
difference. Since the true line of development of artillery was in the 
direction of the punching theory, that of armor should have been in 
the direction of resistance to punching, or in increasing hardness 
without the sacrifice of other qualities. Wrought iron was the first 
metal used, and its manufacture offered greater scope for rapid im- 
provement than did that of steel. Whilst, however, an immediate 
necessity existed for armor, there were practical difficulties connected 
with steel manufacture which prevented its immediate development, 
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and at the same time the inherent qualities of wrought iron prohibited 
the true line of development as long as it was used. Foreign experts, 
as a rule, have always accepted the development of wrought-iron 
armor as a necessary evil, clearly foreseeing its limits. 

At present, discussion is rife amongst those interested in armor 
development as to the correctness of the change in opinion, due to 
the introduction of steel and compound armor, from a support of the 
punching to that of the racking theory. In this, however, there is 
much confusion, The true theory in the development of ar/i//ery is 
now, as it always has been, that of punching. Conversely, the true 
theory for armor development is now, as it has been, that of racking; 
that is, of offering increased resistance to punching. Wrought iron 
was developed on the other theory as a matter of absolute necessity 
and to meet existing exigencies, but, as will be seen hereafter, when 
the development of steel had progressed to a certain point, a com- 
plete and most sudden revolution took place, but this revolution was 
no surprise to those who had carefully studied the subject; it was in 
fact forced by them, and the only resistance to the change is in the 
ideas of those who, in discussing the punching and racking theories, 
lose sight of the fact that since artillery and armor are directly 
opposed to each other, the theory which is true for the one must be 
false for the other. 

However difficult it has been for artillerists to economize waste 
energy and to utilize to its fullest extent the striking energy of pro- 
jectiles by overcoming the obstacles before-mentioned, there still 
remains to be considered another and by far the most important 
source of wasted energy; one that confines the artillerist to narrow 
limits in his attempts to counteract its influence, whilst the armor 
manufacturer has the aid of both the constructor and the commander 
of a ship in developing it. This source is the angular position of 
armor with regard to the line of fire; which diverts the striking 
energy from direct action, utilizing barely sufficient to throw the 
projectile off and thus turn all of the remainder to waste. In an 
oblique impact, the greater the initial surface of contact the easier will 
the armor throw off the projectile. A cutting edge becomes an abso- 
lute necessity for the shot to enable it to bite the armor and hold on 
whilst it transfers its energy. In all naval conflicts the great majority 
of hits will be oblique, for in addition to the permanent obliquity given 
to the armor in construction, there is the constant alteration in position 
between the vessels engaged. If no other reason existed for condemn- 
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ing spherical projectiles, this alone would be sufficient, that its shape 
forbids the application of « cutting edge. 

Even with the pointed form this faculty of dz¢ing is quite limited. 
The point-angle of a long ogival is about 40°, and with hard-faced 
armor it will not bite much beyond this angle. Ifa flat face be used, 
which gives a cutting edge, accuracy of flight must be sacrificed, and 
much of what is saved on the chances of oblique impact is lost in in- 
creased resistance to the air in flight. 

On the other hand, the armor manufacturer and the naval construc- 
tor are only limited in this development by the question of weight. 
When a given vertical surface requires protection, the armor must be 
made thinner as it is inclined, in order that for the same vertical 
height complete protection can be given for the same weight. This 
applies equally to both side and deck-armor, since the latter is a pro- 
tection from a more or less plunging fire, and is a question, therefore, 
of vertical protection. 

The main points to be considered in reviewing the development of 
armor having thus been discussed, may be briefly summarized before 
passing to the descriptive part of the growth of plates, backing and 
fastenings, as follows: 

1st. The greatest exertions of artillerists have so far only succeeded 
in increasing the absolute amount of muzzle energy about 30 times 
beyond what it was when armor was first introduced. In this connec- 
tion it may be well to state that the utilized force of the gunpowder 
has been increased from about 50 to go per cent. ; that is to say, that 
whilst in the old guns about half the total work which a charge was 
capable of doing was wasted, only about 10 per cent. is lost now, 
through more perfect combustion, no windage, sealed vents, &c. 

2d. The resistance of the air is so great a cause of loss of energy 
that, aside from any purely punching capabilities of a projectile, its 
ability to pass through air readily is a matter of the greatest import- 
ance in determining the shape of an armor-piercing projectile. 

3d. The deformation or breaking up of a projectile on armor is a 
feature requiring close examination in estimating the resisting power 
of any specified armor. This point will appear much plainer in the 
discussion of actual experiments. 

4th. In studying the development of armor the causes of the results 
must be carefully examined. Ifa plate is punched, not only must the 
power producing the punching be known, but the combination of the 
armor must be examined to find out whether the gun is strong or the 
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armor weak, and, if the latter be the case, to see if the remedies for 
the weakness can be applied. The same is the case if a plate is 
racked. 

5th. Having reached an understanding of the resistance of armor to 
normal impact, which is the best condition for the gun and the poor- 
est for the armor, the possibilities and results of the oblique disposi- 
tions must be studied, together with the modifications in effect which 
they cause. 

6th. In studying the development of armor it must not be taken for 
granted that every step taken was an advance in the true direction, 
therefore a thorough examination must be made into the limiting cir- 
cumstances. It is not sufficient that because a nation, no matter how 
powerful, has adopted a certain type or disposition of armor, that the 
same should be applied elsewhere ; and to no class of people is this 
caution more necessary than to United States naval officers. In the 
United States there are no armor manufactories, and sooner or later 
the industry of armor-making must be cultivated. When this culti- 
vation commences it must, in order to be of use, follow the absolutely 
true line of development, and it will not do to commence with 
wrought iron, simply because excellent results have been obtained 
with it, or with compound armor, because Great Britain uses it, or 
steel armor, because it has won victories over compound, or chilled 
iron armor, because it has performed wonders. Principles must be 
studied and experiments must be analysed, not for what they do at 
the moment, but for what they may be made to do, and a clear dis- 
tinction must always be made between true development and the 
satisfaction of an exigency. 
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Il. 


IRON ARMOR AND SMOOTHBORE GUNS IN EUROPE. 


To the French Government must be accorded the credit of first 
systematically investigating the action of projectiles on solid sub- 
stances. It is true that before their work commenced, Sir Isaac 
Newton, Robbins, Hutton, and Rumford had made experiments in 
this direction, but their researches had been in pursuit of general laws 
of atmospheric resistance and of the forces of fired gunpowder. 
About 1830 experiments were carried on at Metz to establish the laws 
of resistance, or rather to find the coefficients of penetration of projec- 
tiles into éarth, wood, and different types of masonry. These experi- 
ments were continued at intervals for several years, and results were 
obtained at that time which hold good at present. 

In 1841 General Paixhan, who a few years before had _ revolu- 
tionized naval artillery by the invention of the shell, recommended 
the application of iron plates as armor to the sides of vessels for pro- 
tection against the havoc of his own missiles, and, although his plans 
were rejected by the French Government, attention was drawn to the 
subject of naval armor, and a year afterward the action of the United 
States Congress, with regard to an official report made to it treating 
of the resistance offered by iron plates to projectiles, led to the first 
serious armor experiments. 

The American report referred to was one made by Robert Stevens, 
of Hoboken, New Jersey, to a Committee of Congress on Coast De- 
fences; in which, after submitting the designs of a steam, armored 
war-vessel, he published certain laws of penetration of projectiles into 
iron armor, established by him from a long series of experiments. 
These laws were at once made the subject of investigation both in 
France and England, whilst in the United States this report led to the 
laying of the keel of the Stevens Battery, by order of the Government, 
in the spring of 1854, a few months earlier than the commencement of 
the first ironclad in Europe. 

Practical results in ironclad building were first attained in France. 
Two months after the keel of the Stevens Battery had been laid at 
Hoboken, those of the batteries Devastation, Lave, Tonnante, and 
Congreve were placed on the blocks at Toulon, and a few months 
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later the English Government commenced the construction of the 
Erebus, Terrible, and Thunderer. On the 17th of October, 1855, the 
French batteries (except the Congreve), forming the first ironclad 
squadron ever seen, received their baptism of fire under the Kinburn 
Forts, which, after having held the combined fleets of France and 
England at bay, were silenced in four hours by the ironclads. These 
floating batteries were of about 1600 tons displacement, and their 
speed was almost a scant four knots—barely sufficient to enable them 
to manceuvre in still water unaided. The armor consisted of 44 inch 
solid plates, backed by 27% inches of oak, and their batteries were 
composed of 16 guns, of the type known as the French 50, corres- 
ponding closely to the English and American 68 pdr. shot-gun. 
They took up positions on the day of the action at ranges of from 
870 to 1100 yards from the main fort, which was armed with guns 
corresponding to the 32 pdr. 

The Devastation was hit 64 times and the Tonnante 65 times, but the 
armor was uninjured, the shot marks being only about 14 inches deep 
at the maximum. Three shots went through the ports of the Devas- 
tation, killing or wounding eight men, and two through the ports of 
the Tonnante disabled nine men. Each vessel during the action ex- 
pended about a thousand projectiles. 

The English batteries were slightly larger than the French, having 
a displacement of 1850 tons. The armor plates were 4 inches thick 
with a backing of 24 inches of oak, composed of the solid frame, in- 
side and outside planking and an extra outside course of plank, and 
the batteries were composed of twelve 1o inch shell-guns, whose indi- 
vidual power, as will be seen from the table in the foregoing chapter, 
was somewhat inferior to the 68 pdr., owing to the hollow shot and light 
charge used. The plates of both the French and the English vessels 
were fastened to the backing by through-bolts, about 14 inches in di- 
ameter, spaced about one foot apart around. the edge of the plate, 
having countersunk heads flush with the face of the armor, the inner 
end of the bolt being threaded to set up with a plain nut. Attention is 
called to these points of backing, fastening, battery power and loss 
in action, as they are all necessary to an understanding of the causes 
of future modifications. 

This comparatively insignificant action at Kinburn, which had but 
little if any effect upon the course of the Crimean war, changed the 
whole condition of armor for naval use from one of speculation to one 
of actual and constant necessity. 














DEVELOPMENT OF ARMOR FOR NAVAL USE. 367 


It is not the intention to follow the development of the ironclad, ex- 
cept in so far as is necessary to explain the various modifications in the 
construction and arrangement of armor ; but before leaving the sub- 
ject of the ship itself, it is necessary to correct a very general impres- 
sion amongst Americans that the introduction of the ironclad was 
principally due to the steps taken by the United States in creating a 
fleet at the outbreak of the civil war. This is by no means the case. 
The orders for the construction of the Monitor, Galena and New 
Ironsides, the first ironclads built for the United States, were issued in 
September, 1861. Prior to this time, as has been shown, England 
and France had each constructed a squadron of floating batteries ; 
these squadrons were quadrupled in size and rendered doubly 
powerful in individual ships within the next four years. In 1858 the 
first squadron of sea-going armored frigates, Gloire, Normandie, 
Invincible and Couronne, was commenced in France, and scarcely 
were their keels laid when England responded to the advance with 
the Warrior, Black Prince, Defence and Resistance. Before the 
United States Congress had considered the question of ironclads, 
England, France, Spain, Italy, Austria, Denmark, and the South- 
ern Confederacy, either had ironclads afloat or on the stocks. 
Before Ericsson had submitted the design of the Monitor to the 
Naval Commission, Captain Cowper Coles had demonstrated the ad- 
vantages of the turret, mounted on low-freeboard ironclad hulls, in 
public, to the naval experts of England (see Proceedings of the British 
United Service Institution, June 29, 1860). Before the United States 
had closed the contract with Ericsson for the Monitor, the Danes 
had made one with Coles for the double-turreted sea-going ironclad 
Rolf Krake, the progenitor of the Huascar and more closely resemb- 
ling her than the Nantucket resembled the Monitor. The keel of the 
Rolf Krake was on the stocks before that of the Monitor was author- 
ized. Before Americans had boasted of the herculean task of building 
the Monitor complete in ninety days the French had applauded the 
feat of finishing an ironclad in thirty-seven days from the date of 
laying the keel. (This was in 1859, at the outbreak of the war with 
Italy.) While the Monitor was hanging between life and death at the 
end of a tow-line on her first sea-passage, a French ironclad had 
breasted the waves of mid-ocean alone, with her head to the west- 
ward; and while Americans in the North spoke with awe of the 
invulnerability of the Monitor, the guns of the Normandie rang out a 
challenge in Vera Cruz to the United States to dare to interfere in the 
establishment of the Mexican Empire. 
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For the few years immediately following the introduction of armor 
the 32 pdr. and 68 pdr. shot-guns were the only recognized armor 
artillery, for although the 8, 9, and ro inch shell-guns had been de- 
veloped before the first ironclads were built, they were inferior in 
power to the 68 pdr. and were never used against armor, except in 
a few cases, and even then no noteworthy results were obtained. The 
first appearance of the 11 inch smoothbore as an armor-gun was in 
the action between the Monitor and Merrimac, and the 15 inch was 
introduced in 1862 on the monitors of the Nantucket class. Rifled 
guns stopped the development of the smoothbore in Europe at the 
68 pdr., and sheer cumbersomeness stopped it in the United States 
with the 15 inch. 

With regard to the condition of armor manufacture during this 
period, it may be safely asserted that since the first armored vessels 
were built in 1854, prior to that date the manufacture of plates for 
armor had not become a distinct industry. In fact, although the 
manufacture of boiler plates was quite well developed at this time, 
even they could only be considered as possessing fairly good resisting 
qualities. Between 1854 and 1858 armor manufacture was limited in 
thickness of plates to 44 inches, and but little dependence could be 
placed in regularity of quality even with this low thickness. The 
welding was imperfect, the best composition of ores to produce 
desired results was not known,"steely spots, burned metal, layers of 
scoria and scale, blow-holes and other imperfections were common 
and had to be accepted. At first the only rolls available for making 
armor were such as were used for boiler plates, and these were 
too light for the requirements. In consequence, the metal was 
shaped almost entirely under the hammer, which naturally would 
give results much more irregular than rolling. Time was required to 
design and put up the proper rolls, so that the real improvement in 
the condition of armor plates cannot be said to have commenced 
much before 1859, and it is about this time that the first real increase 
in thickness of plates from 44 to 4] inches becomes noticeable. 

As has been stated, it is a matter of official record that members of 
the Stevens family had established certain laws with regard to the 
resistance of armor, amongst which was one, that a_ thickness 
of iron of 4 inches, inclined at an angle of 45°, was invulnerable 
to the artillery of 1842. The experiments from which these results 
were obtained are unfortunately not available, but it is more than 
probable that the great majority of them were with laminated plating, 
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as other material than boiler plates could only be obtained with the 
greatest difficulty. At the time that this official report was made the 
English had just commenced the thorough introduction of steam into 
the navy, and the importance of this element demanded a greater 
amount of protection than could be furnished by wooden hulls. The 
Admiralty, therefore, in 1843 decided to duplicate the Stevens experi- 
ments, and to this end a target was constructed at Woolwich consist- 
ing of 14 plates of boiler iron riveted together, of a total thickness of 
6 inches, bolted to a backing of 24 inches of oak. Against this target 
68 pdr. and 32 pdr. shot were fired at a range of 400 yards. 22 shots 
in all struck the plates, eight of them breaking the iron completely, 
but none getting through. The rear of the target was badly broken. 

Experiments against laminated plating were at this time carried on 
at Gavres, which were very interesting in their results. In the first 
series it was determined that the 32 pdr. solid shot, with an energy of 
485 foot-tons, would not pierce twelve 4 inch plates riveted together, 
whilst with an energy of 340 foot-tons it would pierce a target of nine $ 
inch plates. The second series was made to ascertain the protective 
efficiency of coal-bunkers. The target consisted of a section of a 
frigate’s side through a bunker abreast the engine, with a thickness of 
oak of 24 inches, a width of bunker of 4 feet, having a 4 inch plate for 
its inner side, and midway of the bunker a hanger of four 4 inch plates 
riveted together. The bunker was filled with coal both sides of the 
hanger. This target was found to resist all projectiles, both solid and 
hollow, and the Commission reported that, as in their opinion the 
firing conditions (the gun only 12 yards from the target) would never 
be realized in practice, the depth of the bunker might be reduced. 
This report is of more than ordinary interest, since it offers decisive 
proof that as early as 1844 coal-bunkers were utilized as a protection 
for machinery. 

In 1845 Dupuy de Lome submitted his first project for an armored 
frigate. By substituting iron for wood in the hull he hoped to reduce 
the weight from 42 per cent. of the displacement to 23 per cent., and 
this saving he proposed to utilize in an armored belt 8 feet wide at the 
water-line, of a thickness of 64 inches. 

This first proposition was rejected by the French Navy Depart- 
ment, for the reasons that he had overestimated the saving in weight 
from the substitution of iron for wood, and even with that allowance 
the 6} inch laminated belt was not considered invulnerable, and the 
battery was left without any protection. In 1846 French constructors 
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were invited to submit designs of an armored floating battery for coast 
defence, and one of the designs, contemplating a hull of iron, was at 
first accepted, as the lightness of hull permitted an increase in thick- 
ness of armor, but shortly afterwards it was condemned, on account of 
fear of deterioration and great loss of speed from fouling. 

No further steps in this direction were taken till the outbreak of 
the Crimean war, when the development of designs for floating bat- 
teries was ordered to be made at once and experiments were carried 
on at Vincennes to determine the proper armor. At this time the 
necessity for backing to aid the resisting power by its elasticity had 
been fully recognized, and it had great weight with the French in 
causing them to retain wooden hulls, since the wood served the double 
purpose of framing and backing, whilst with an iron hull the addi- 
tional wood backing more than absorbed the saving in weight caused 
by the substitution. In these Vincennes experiments comparative 
tests were made between solid and laminated plating, showing a great 
superiority for the former. 4-inch solid plates were broken but not 
pierced by the 32 pdr. solid shot at twenty yards. The same effects 
were produced by the 8 and g-inch hollow shot. From these results 
it was decided to armor the batteries with 44-inch solid plates. 

The English Admiralty having accepted the invitation of the 
French Government to construct batteries corresponding to their own, 
carried on a series of experiments in September, 1854, at Portsmouth, 
to determine the proper armor. Seven 44-inch plates were bolted to 
a solid oak backing, and were tested with the 32 pdr. and 68 pdr. 
Ten rounds from the smaller gun at a range of 360 yards hit the 
target, the maximum indentations being two inches. Four rounds 
striking one plate cracked and bulged it quite badly, but the backing 
was not materially injured. Two rounds from the 68 pdr., at 1250 
yards, each cracked a plate completely across with a maximum 
indentation of 13 inches; backing not injured. Ten rounds from the 
same gun, with a slightly reduced charge and at 400 yards range, 
cracked the plates badly and knocked some pieces of plates off. 
Seven more rounds, with the full charge at the same range, finished 
the destruction of the target, only one plate being left standing. This 
test was considered as being quite satisfactory, and 44-inch plates 
were adopted for the armor. 

The fabrication of the plates for the armor of these first batteries was 
a matter of the greatest difficulty. The worst trouble appears to 
have arisen from the prevalence of steely spots in the plates, which 
broke up the tools used in finishing and boring. The inspection was 
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necessarily given wide limits. There was no experience to form a 
guide in this respect, so that the manufacture was only carefully 
watched to gain the necessary knowledge, and the plates were only 
limited in tests for reception to the indications of specimens. In 
France test plates were made of several different mixtures of iron, 
and were tested for strength in the tensile machine and under the 
hammer. In this way a standard was established, and the armor was 
all made of the same mixture. In the process of welding up the 
packets the fag-ends were cut off and worked separately. They 
were then given the pulling and hammer tests to show the fracture, 
and if they failed to come up to the standard specimen the whole 
batch of plates was condemned. This was a very crude method of 
testing armor for reception, but was unavoidable at the start. 

One of the first steps taken in England after the construction of 
the batteries was to have ordered a number of plates from all the 
prominent iron manufacturers. No limit was placed upon them in 
regard to mixtures or attained qualities, but having been informed 
that competitive firing tests would be made, each one was permitted 
to submit the plate of his choice. Experiments were carried on with 
these plates in 1856 and 1857. Some of the plates submitted were of 
steel, although these were but two inches in thickness. It was during 
these tests that the great difference between the effects of wrought 
and cast-iron projectiles was noticed. In the summary of the official 
report on these tests the following notes are made: “ Plates of four 
inches offer a good resistance to cast-iron 32 pdr. and 68 pdr. shot at 
600 yards, but at 400 yards they offer little and are broken up. A 
repetition of the blows, however, at both ranges destroys the plate. 
The steel plate is much inferior, offering no effectual resistance, the 
shot going clean through it and the bulkhead.” 

These notes show a very strong racking effect for the projectiles, 
as was to be expected in the early days of manufacture. Only one 
year afterward, however, the following summary appears with regard 
to the effects of 68 pdr. shot on another 4-inch plate: 

ist. At 400 yards the wrought-iron plates 4 inches thick resist 
every description of projectile, even 68 pdr. wrought-iron shot, for a 
considerable time ; hollow shot, red-hot shot and shell make little 
impression on them. 

2d. At 200 yards the effects of the projectiles have much increased, 
and the plates are sometimes penetrated with the heaviest wrought- 
iron shot and the frame of the ship much shaken. Hollow shot, red- 
hot shot and shell do little damage at 200 yards. 





























372 DEVELOPMENT OF ARMOR FOR NAVAL USE. 


3d. At 100 yards the effect of the projectile is much greater. The 
68 pdr. cast-iron shot generally penetrated deep into the wood after 
passing through the iron plate; still, none have passed completely 
through, excepting those striking in holes previously made. The 
32 pdr. shot at 100 yards penetrated deep into the plate, but not into 
the wood, and did very little damage to the frame of the ship. 

4th. At twenty yards the cast shot did very little more damage 
than at 100 yards. If, however, the shot does penetrate the side it 
carries with it showers of splinters and fragments of iron, doing far 
more damage than had the projectile only passed through the wooden 
side. 
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It was about the time that this report was made that the designs of 
the Gloire were finished and the ship was laid down. Armor manu- 
facture had developed in France far enough to permit regular firing 
tests to replace the crude method of statical testing before mentioned. 
The remarkable advance in plate making is strikingly shown in the 
experiments for establishing a standard test-plate for the Gloire’s 
armor. In February, 1859, four French firms (amongst which were 
the celebrated Schneider & Co., of Creusot, who had furnished the 
armor for the original French batteries, and Petin et Gaudet, who for 
a time were the best armor-plate manufacturers in the world), sub- 
mitted competitive 4%-inch plates. Each plate was tested by firing 
three 68-pounder shots with seventeen pounds of powder at a range 
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of twenty-five yards. The Petin et Gaudet plate won the first place 
in the test. There was not the slightest indication of a crack on the 
plate, and the indents were only 34 inches in maximum depth. This 
plate was accepted as the standard for the entire armor of the three 
first frigates. It is seen from this that not only was this excellent 
result considered as capable of regular reproduction, since every 
plate delivered had to come up to the standard, but the power of the 
68 pdr. smoothbore considered as either a racking or a piercing gun 
had been surpassed by the plate manufacturer. The result was a 
very natural one ; the 68 pdr. smoothbore disappeared from the cadre 
of French naval artillery, and the Gloire, designed but a year before 
for a battery of guns of this type, carried a full battery of rifled guns 
in her first commission. 

Unfortunately, no report of experiments on the Gloire’s armor as a 
whole is available. She carried a strake of 4%-inch plates, backed by 
twenty-six inches of oak at the water-line, and 44-inch plates backed 
by twenty-four inches in wake of the battery. Her backing, as will 
be seen by the drawing, fulfilled the double object of forming the 
skin, frame and planking of the ship and backing proper. In order 
to get an idea of its actual power of resistance it will be necessary to 
turn to the consideration of her rival, the Warrior. 








It would be difficult, if not impossible, to find two sea-going 
armored vessels of what may be termed a corresponding type, built 
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within such close intervals of time as were the Gloire and the War- 

rior, which would show so many and such radical differences in all 

details, as exist between these two ships. The one was iron hulled, 

| the other wooden ; the one had the long clipper bow, the round stern 

and the full sail power given at that time to the handsomest, frigates ; 

the other was straight-stemmed and sterned, short and of low sail 

power. The one carried armor barely sufficient to shield the guns, 

engines and boilers; the other had a perfect-armored side. The 

Warrior’s section through the armor consisted of iron frames ten 

inches deep, spaced two feet apart, covered by a skin plating ¥% of an 

inch thick, against which were placed two thicknesses of teak back- 

ing, the inner one horizontal and ten inches thick, and the outer one 

vertical and eight inches thick, the whole being faced with armor 

plates 44 inches thick. Attention is called to one very important 

| point in the fitting of the Warrior’s plates as compared with those of 
the Gloire. In the latter the plates were plain butted, whilst the hori-~ 
zontal edges of the Warrior’s plates were tongued and grooved into 

each other, with the idea of gaining a greater general strength of 
structure, especially at the joints. The plates around the port-holes 

were rolled ones, showing that at this time the superiority of rolled 

over hammered plates was recognized, the expense of the former 

being as yet too great to allow of general application. As a farther 
measure of strengthening, a line of external iron stringers was carried 
along upon the iron frames between the ports. There was a double 
thickness of skin plating above and below the line of the ports also. 
The sum-total of thickness of iron on the Warrior was at the max- 
imum about # of an inch greater than on the Gloire, though the latter 
had the superior resisting power of plate proper due to its ¢ inch 
greater thickness. The backing was much heavier on the Gloire 
than on the Warrior, but the increased weight was compensated for 
i in that it included the weight of hull also, while in the Warrior the 
backing was sheer extra weight. 

| One of the most interesting features of the Warrior’s armor dispo- 
| sition, or, as it is technically known, the target, is that it was adopted 
i in England as the armor unit, to which for many years all armor was 
referred in establishing points of development. In the first experi- 
ments against this target rifled guns were used much more than 
| smoothbores, as the days of the 68 pdr. were numbered in that 
t country also by the time that the ship was ready for her battery. 
: The gun, however, did not disappear here as suddenly and completely 
! 
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as it did in France, and for many years it was used exclusively in 
testing plates for acceptance up to as late as 1870. The resistance of 
targets, however, from the date of the Warrior’s was always deter- 
mined with the rifle. 

An extract from the report of the first series of experiments carried 
on against the Warrior target gives a very clear idea of the effect of 
the 68 pdr. against it, although it must be remembered that at 
the same time a great number of rifled shot were fired. 


Warrior target, 68 pdr. gun, shot 66 lbs., shell 49 lbs., range 
200 yds. 

Hit on upper plate seven inches from the 

Shell filled with sand. <~ edge. Indent 14 inches, opened the plates 
( + inch and started two bolts slightly. 

( Hit on upper plate; tore up four feet of 

a : tongue and groove and cracked the plate 

Shell filled with powder.} in two places, cracks seven inches long ; 
| drew a bolt # inch. Indent 1.8 inch. 

| Indent 2.7 inches; one crack seven inches 

Solid shot. , long near the indent ; two bolts broken 

near the port-hole. 


It will be noticed that one shot tore up a long strip of the tongue 
and groove ; other shots showed a tendency to do this also, and the 
evident weakness of plate thus developed caused the tonguing and 
grooving to be abolished, and it has never been renewed anywhere 
with iron plates. The Warrior's plates evidently were harder and 
less ductile than the Gloire’s, as the cracking was distinct, while the 
penetration was less. At this time, or shortly afterward, French 
plates were proved to be about ten cent. better in power of resistance 
than the best English ones. 

In October, 1858, a very important series of experiments took 
place against the sides of two floating batteries at Portsmouth, Eng- 
land, which threw much light upon the subject of the importance of 
backing. The Erebus was an iron-hulled vessel and the Meteor a 
wooden hulled one. The part of the side of both vessels used as 
targets was the section in line with the mainmast, all the main pipes 
and connections of the engines being immediately underneath and 
but two feet below the water-line. 

The target of the Erebus consisted of, first, iron ribs, then an inside 
skin of iron plates § inch thick, then outside this five to six inches 
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oak plank, and the 4-inch wrought-iron plates outside all. Topsides 
tumble in very much, which causes the shot to glance up a little on 
striking and so lessens the indentation. 

The target of the Meteor consisted of an inner planking of oak, 
nine inches thick at top, diminishing to four inches at water-ways, 
then 10-inch oak timbers about four inches apart and filled in solid ; 
6-inch oak planking outside the timber and 4-inch wrought-iron plates 
outside all, bolted to the ship’s side, with iron bolts passing through 
all and secured with nuts and screws inside. 
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Erebus. Meteor. 


Three shots were fired against the Erebus at a range of 400 
yards; the first being a 32 pdr., which did no material injury, 
and the other two 68 pdrs. Against the Meteor were fired nine 
shots in all: one cast-iron 32 pdr. at 400 yards and one at 300 
yards ; two cast-iron 68 pdrs. at 400 yards and three at 300 
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yards; one wrought-iron 68 pdr. at 400 yards and one blind 
shell 68 pdr. at 300 yards. 

The first 68 pdr. against the Erebus broke a piece of plate out 12 
inches by 11, and drove it 34 inches into the backing, although the 
piece was not crushed ; a crack in the plate was made from the top of 
the hole to the top of the plate. The side was bulged in in wake of 
the shot, two iron ribs cracked through, three bolt-heads broken off, 
and the iron skin cracked in two or three places. 

The second shot hit near the corner of an upper plate, direct on the 
head of a bolt, and passed through the side on to the main deck, 
breaking up as it went through. The shock also broke out a piece 
of the next plate, over which it lapped slightly, on striking. The 
plate was cracked across and the butt-end was started out. Several 
bolt-nuts were broken off and driven across the deck. 

The side of the Meteor was submitted to three times the number of 
shot that the other was, over half of which were at 100 yards closer 
range, yet, though the plates were of the same make and size, not one 
was broken, not a single shot got through, not a bolt-head was broken 
or nut torn off, and the backing was uninjured. The “ general re- 
marks” of the report on the test state that “throughout the experi- 
ments with the Meteor it does not appear that the damage inboard 
would at any time have proved seriously inconvenient to the men 
fighting the guns ; whereas with the Erebus, not only did one shot 
penetrate her side, scattering the fragments over the gun-deck, but 
every hit, though not penetrating, caused bolt-heads and nuts to be 
scattered about the deck, doing apparently as much injury as a volley 
of grape-shot.” 

From this it is seen at once what an important factor of the armor 
the backing is. The thin backing of the Erebus buckled seriously, 
and the shot striking near the edge of a plate (which was its weakest 
part), carried it in so far as to break it locally before the useful energy 
was expended ; the broken part canting in the backing, let the broken 
pieces of shot slip by and through. The same local breaking from 
buckling occurred in the middle of the plate, except that here the 
equal strain all around the fracture carried the broken piece in square, 
and so kept the shot from piercing. As one part of the plate buckled, 
the outer edges sprang out and thus snapped the bolt-heads, while 
the corresponding strain on the nut inside tore the inner end of the 
bolt off and sent the nut across the deck. 

Notwithstanding the results obtained from this experiment, it was 
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considered in England a matter of the greatest importance to get rid 
of the backing, if possible. Like the armor itself, it was sheer dead 
weight to the hull of the iron ship, adding nothing to the strength, 
and the resisting power of the wood to projectiles was not considered 
worth the great space occupied by it, which hampered the constructor 
seriously in his attempts to gain speed without sacrificing interior 
space and strength. Furthermore, it was thought that the perishable 
nature of the wood would necessitate the renewal of the backing at 
intervals, which could only be done at a very great expense. 
Experiments had been carried on against fortification armor, from 
which it appeared that a very rigid backing of stone or cast-iron gave 
increased resisting-power to the plate and lessened the bad effects on 
the bolts. Since such backings could not be applied to ships, it was 
thought by Mr. Fairbairn that an approach to this favorable condition 
might be made by doing away with backing entirely and bolting the 
armor plates direct to the skin. A target was constructed by his firm 
at Manchester on this principle, and was tested in 1861 at Shoebury- 
ness. The plates were five inches thick, with hook-joints on the ver- 
tical edges and the tongue and groove like the Warrior’s plates at top 











Fairbairn Target. 


and bottom. These plates were attached directly to a # inch sheath- 
ing by 1# inch screws, 74 inches apart, tapped 2 inches into the back 
of the plate. The sheathing was held by ribs 12 inches deep and 18 
inches apart, made of 4 inch plates and angle-irons. This target was 
experimented with by the 40 pdr., 100 pdr., and 120 pdr. rifles and 
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the 68 pdr. smoothbore. The plates showed an excellent power of 
resistance, but the fastenings were soon either sheared or broken off 
to such an extent as to let plates fall from the target, and the skin was 
ruptured in several places. 

Altogether, however, it was considered worth while to renew the 
experiment with some modifications in the target, which, when set up, 
was known as the “ Committee Target.” It consisted of a 4% inch 
rolled plate attached to an iron skin one inch thick by through-bolts 
with nuts and countersunk heads. The same guns were brought to 
bear against it, and the Committee reported “ that however much the 
armor plates may be supported by direct contact with a rigid backing 
of iron, and however desirable it may seem to exclude wood or other 
perishable materials from them, yet the concussion is so injurious to 
the fastenings of a rigid structure that, in the present state of our 
knowledge, it would be unwise to recommend the abandonment of 
wood-backing.” 

Two other targets were proposed for test about this time, and in 
spite of the previous failures, the reputation of the proposers—as in 
the case of the Fairbairn target—was such as to warrant still another 
trial. Mr. Samuda, the shipbuilder, submitted one which consisted of 
a rolled plate 5 inches thick attached to a 1 inch skin, with longitudinal 
ribs 24 inches thick at the junction of the plates ; a thin layer of rub- 
ber was placed between the plate and the skin. Although this target 
was heavier in proportion to its area than the Warrior target, its 
resisting power proved to be much less. As an example, a 150 lb. 
spherical solid shot completely pierced this target, whilst the penetra- 
tion of a similar shot into a Warrior target was only 13 inches into the 
wood backing. The other target was submitted by Scott Russell, 
and consisted of four $ inch plates attached to two z inch plates for 
backing and an iron skin of two ¢ inch plates. Again the 150 pdr. 
spherical shot punched holes clear through. After this it was declared 
useless to attempt to apply armor to ship’s sides without a wood- 
backing, for even if holes were not punched clear through, the skin 
was broken and the frames and stringers were cracked through and 
distorted, whilst the fastenings invariably showed a vicious tendency 
to shear. A few experiments were carried on to ascertain the effect 
of facing the plates with different materials. Rubber and felt were 
found to have no practical effect whatever, whilst with wood, or wood 
backed by an iron skin, one or two live shells were sufficient to tear 
the facing off in large masses. 
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From the earliest period of experiments trouble had been experi- 
enced with fastenings. The armor-fastening originally used both in 
the French and English services had been an ordinary 1} inch bolt, 
threaded at the inner end to set up with an ordinary nut, and having 








a countersunk head. When these bolts were under water the leak 
from them was a great source of annoyance, as no amount of red lead 
or putty would keep them tight with the ship working. By far the 
most serious evil, however, was the liability of the bolt to snap at the 
bottom screw-thread when the plate was struck and send the nut fly- 
ing about the deck. 

The French were the first to modify the evil, and their first attempt 
at modification was such a success that their new pattern armor-bolt 
was retained practically unaltered until comparatively lately. This 
modification consisted in substituting a bolt of a special form of iron 
wood-screw, a heavy thread being worked on it with a low pitch to 
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prevent it working loose. The inner end of this bolt was about two 
inches short of the inner face of the backing, or of the inside of the 
inner planking. Three objects were thus accomplished at once: 
There could be no great leakage through the bolt-holes, there were 
no nuts or bolt-ends to fly about the decks, and—a point of great im- 
portance—there was a saving in weight of bolt of nearly one-fourth, 
which amounted to a matter of tons in the total dead weight. In the 
first patterns of wood-screws which they made the screw-thread was 
carried to the inner edge of the armor; but it was found that there 
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was a great tendency of the bolt-head to shear or snap, so in the 
Gloire and future ships the full size of the shank was carried back 
from the neck of the bolt, without threading, about two inches inside 
of the armor-plate. This made a thoroughly reliable armor-bolt. 

In England no decided step appears to have been taken in bolt de- 
velopment previous to 1862, when, at the time of the experiments 
with the Committee Target, the scheme was tried of inserting rubber 
washers between the nut and its seat. This was found to give great 
relief to the bolts and to decidedly modify the tendency to fracture. 
About this time the name of Sir Edward Palliser appears. In 1862 
he was a Captain of Hussars, stationed in Dublin. His attention 
seems to have been attracted to the tendency of the bolt to snap at 





MMII AAY 
WN WS MMM 


























the screw-thread, and after a few experiments he prescribed the 
remedy in a letter to the Admiralty, December 13th, 1862. The 
cause of the difficulty and the remedy were so simple as, in fact, to 
have escaped the attention of experimenters, who were looking else- 
where for the trouble. The screw-thread was tapped on the end of 
the bolt, and thus the last turn presented a smaller cross-section for 
resistance than the other parts of the bolt. When a strain was 
brought upon it the stretch of the body of the bolt was less per unit 
of area than that of the junction at the thread, therefore the metal had 
to snap there. The remedy was simply either to reduce the diameter 
of the shank to that of the bottom of the thread, or, what is the same 
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thing, to work a male thread on the bolt, or else to have a compound 
bolt, the threaded end being of steel. The first of these remedies 
was the most simple. Palliser carried on a series of statical experi- 
ments which confirmed the truth of his idea, and the modification was 
adopted. 

These two modifications, somewhat improved upon, such as in 
altering the size of the bolt itself, double nutting and providing a 
saucer for the rubber washer, are represented in the Admiralty bolt 
shortly afterward adopted. 

Mention has been made of the effects of the 150 pdr. spherical 
projectile on the Warrior, Samuda and Scott Russell targets, and 
before considering the heavy American smoothbores,a few of the 
shots from this gun and the Horsfall smoothbore 300 pdr. will 
be quoted to show their effects upon the Warrior target, thus con- 
necting the series of European smoothbore experiments with the 
American ones. The 150 pdr. was not a regular smoothbore 
gun, but it was the Armstrong 300 pdr. muzzle-loading rifle, 
which was tried as a smoothbore before being rifled. It was used 
thus in 1862, firing solid shot of 150 pounds weight with forty and 
fifty pounds of powder, the initial velocities being 1726 and 1756 feet, 
giving with the latter a muzzle energy of about 3250 foot-tons. 

The first shot on the Warrior target, with forty pounds charge, 
smashed the plate, broke a part of the tongue and groove, fractured 
and bulged in the skin, broke a rib and broke off two bolt-nuts. 

The second shot on the same plate smashed it completely in, 
knocking off about two square feet entirely and splintering the back- 
ing. The skin was badly broken, as also a second rib. Larye irreg- 
ular hole through, and parts of the broken shot carried through with 
the splinters. 

The third shot, with fifty pounds charge, struck a new plate and 
made a clean hole through the armor eleven inches in diameter. 
The fourth shot, with the same charge, had a like effect on another 
plate. 

The Horsfall gun was a 13-inch wrought-iron piece, firing a projec- 
tile of 280 pounds with a charge of 744 pounds, the initial velocity 
being 1130 feet and the muzzle energy about 2480 foot-tons. 

It is unfortunate that the plates of the Warrior target, against 
which it was tried, were declared to be inferior in quality, being very 
brittle. The range was 200 yards, and the first shot completely pen- 
etrated the target, making a hole about two feet square, smashing 
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the plate considerably, stripping the tonguing and grooving, starting 
several bolts, breaking off five bolt-heads, breaking two ribs and 
cracking a third. About three square feet of the skin were torn off 
and more of it badly shaken. Other shots fired on the same target 
produced equal effects, or would have done so had the target not 
been so much shaken that the effects were exaggerated. 

From a careful study of the experiments carried on during this 
first period, a true idea may be gained of the direction and 
amount of development of iron armor. At first it was considered 
impossible to even provide the water-line of a vessel-of-war with an 
armor-belt. Such was the judgment given by the best French archi- 
tects of the day to the scheme of Dupuy de Lome, who afterwards 
not only covered the water-line, but the whole side of the Gloire with 
armor. The necessity for a protection to the engines and boilers of 
the new steam vessels was recognized, but experiment showed that 
6-inch laminated plating was barely sufficient to contend against the 
32 pdr., while it availed nothing against the 68 pdr. This was 
in 1843. Ten years after, laminated plating was condemned, while 
the 44-inch plate was found to withstand the 32 pdr. quite well at 
twenty yards. In another year that gun was forced out of the line 
of armor weapons, and it was reported that the 44-inch plate is proof 
against the 68 pdr. at 600 yards, except to repeated blows on the 
same plate. In 1857 both France and England find the 44-inch 
plate thoroughly proof against the 68 pdr. at 600 yards, even with 
wrought-iron shot. In 1859 the French plates must be proof against 
the 68 pdr. at twenty yards in order to be accepted for armor. 
In 1860 the English report that “ vessels clothed in rolled iron plates 
of 44 inches thickness are to all practicable purposes invulnerable 
against any projectile that can at present be brought to bear against 
them at any range.” These reports, all having reference to the same 
thickness of plate, tested always by the same gun and charge, or, as 
it may be better stated, by the same striking energy, show the rapid 
progress made in plate manufacture. More than that, they show 
clearly the capabilities of iron to adaptation as armor. 

Previous to 1850 so high an authority on all matters pertaining to 
artillery as Sir Howard Douglas gives judgment against iron, as a 
proper material for armor, on account of its extreme brittleness. Ten 
years later the perfections of manufacture. have nullified this fault. 
Alarmists were still to be found who declared that increased ductility 
was only to be attained at such a sacrifice to resisting power that 
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plates would be as easily penetrable as wood ; but Fairbairn, with his 
careful statical experiments, found that the resisting power against 
punching was not necessarily decreased by an increase of ductility. 
Armor bolts, which at first snapped or sheared, were made to hold 
securely against the heaviest shocks, and the necessity for backing 
having been determined its thickness had been fixed upon. 

Against such developments as this the 68 pdr. could not con- 
tend, for before armor existed the gun had reached the limit of its 
development. The rifle had been introduced and its advantages had 
at once been appreciated. The day of the smoothbore was over, 
and before 1860 this type of ordnance had been practically stricken 
from the list of naval artillery in Europe. 
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ITI. 


IRON ARMOR AND SMOOTHBORE GUNS IN THE UNITED STATES. 


There appears to be a universal agreement between United States 
and foreign authorities in according to an American the credit of the 
first modern fractical exposition of the value of armor for naval use. 
John Stevens, of Hoboken, New Jersey, designed a vessel and sub- 
mitted the plans to the United States government during the war of 
1812, one of the special features of which was a battery protected by 
inclined armor. Apparently his plans received no serious consider- 
ation at that time, but members of his family appear to have con- 
stantly worked at the original idea, and carried on experiments with 
projectiles against armor until 1841, when it appears from an official 
letter written by one of them to a committee of Congress on Coast 
Defences that they had determined not only the thickness of iron 
necessary to stop projectiles at point-blank range, but also the com- 
parative resisting powers of iron and oak. The law which they had 
established was, that a thickness of from one-half to two-thirds the 
diameter of a ball (set at an angle of 45°) was sufficient to resist or 
deflect projectiles, and that the resistance of oak was about one- 
sixteenth that of iron. Finally, that a thickness of four inches of 
iron laid over the frames and planking of a ship’s side was sufficient 
to stop the projectiles of any existing artillery. Unfortunately, the 
data from which these laws were deduced is not available, but it is 
supposed that most of the experiments were carried on against 
laminated plating, owing to the great difficulty of getting solid plates 
more than an inch in thickness at that date.’ 

As a direct result of this letter it was decided by Congress to build 
a vessel on the Stevens designs, but after this decision had been made, 
and the preliminary armor experiments ordered by Congress to verify 
the laws had been completed, the matter rested till the spring of 1854, 
when the sum of half a million dollars was appropriated to build the 
ship. Work was at once commenced and continued for twenty 
months, when, after an expenditure of $700,000, a new Congress 
refused to appropriate the additional half a million necessary to finish 
her, and the hull remained unfinished until a year or two ago, when, 
after an ineffectual attempt to sell it, it was broken up. The ironclad 
and the torpedo, born in the United States during the war of 1812, 
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both first showed their power in the Crimea in 1855. The govern- 
ment of the United States had been repeatedly urged to adopt both 
in its system of defence, but it was left for European talent to reap 
where American genius had sown. The neglect to provide against 
the time of need brought its own punishment, for the first ironclad 
and the first torpedo that showed their power in the United States 
destroyed naval vessels flying the national ensign. 

The report made by Stevens, above alluded to, and the action of 
Congress thereon, attracted European attention at once. In 1843 
experiments with armor targets commenced on the firing grounds of 
Gavres, Vincennes, Portsmouth and Woolwich, and they have con- 
tinued in an unbroken series to the present time. In the United 
States experiments were carried on with many different dispositions of 
armor, both for naval and military use, from the time of the Stevens 
experiments up to the outbreak of the civil war, but they were as a 
rule of a desultory character, and it was not until 1862 that the work 
on the naval firing ground against armor fairly commenced, at which 
time the examples furnished in actual battles were giving the best 
possible experience. Before examining the American experiments, 
an important peculiarity brought about by the special line of devel- 
opment of United States naval artillery must be distinctly under- 
stood. 

About 1840 the 8-inch shell-gun came into general use in the ser- 
vice under the name of the “ Paixhan Gun,” from the inventor of 
shell-fire. It resembled closely in size and weight the 68 pdr. 
shot-gun, of which it was simply a modification. General Paixhan, 
in introducing shell-guns, was the first person to advocate “ racking,” 
or rather to bring this subject to the attention of the world. He 
advocated using a smaller charge of powder than was the rule with 
shot-guns of a corresponding calibre, in order to lodge the shell in 
the frames of wooden vessels, thus racking them both by impact and 
by the explosion of the shell itself. Thus the charges for the 32 
pdr. shot- and shell-guns were respectively ten and six pounds, 
and those of the 68 pdr. and 8 inch were sixteen pounds and 
nine pounds. Dahlgren modified the design of this Paixhan type 
so as to secure a less weight and better disposition of the strength of 
the metal, and the symmetrical form of the Dahlgren design gave to 
the resulting 8 inch a distinctively American character. As soon as 
this new gun was introduced into the service it not only replaced the 
Paixhan, but it forced the 68 pdr. out of use, and from that time 
the development of naval artillery was turned exclusively to the 
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increase in power of shell fire. The 9, 10, 11 and 15 inch shell guns 
rapidly succeeded each other, but in this succession a curious error 
was developed. The proportionate reduced charges were retained in 
all the calibres for the original reasons above stated, and in the new 
guns the weignt was somewhat reduced in the profile of the gun to 
correspond with the reduced pressures. This reduction, however, 
did not practically affect the strength of the piece. Solid shot were 
supplied to and used by these guns and they formed a certain propor- 
tion of the ammunition allowance. 

The shot, however, produced a greater strain on the gun for a given 
charge than the shell, and the naval authorities, apparently forgetting 
that the guns were originally designed for a high pressure, ordered 
the charge for the shell to be reduced when using shot. In this way 
arose the ridiculous anomaly of the 68 pdr. using a charge of 16 lbs., 
while its sister gun, the 8 inch, when using shot—whose only service 
was to overcome heavy obstacles, thus requiring the greatest energy 
possible—carried a charge of but 8 lbs. This anomaly was perpetu- 
ated in all the guns, thus reducing their power to a very low point. 
The magnitude of this erroneous development is appreciated in the 
comparison of the charge used in the 15 inch gun during the war with 
that found afterward to be perfectly safe. During the war the charge 
used was 35 lbs., whilst it was found shortly afterward that the 
strength of the gun permitted the use of roo lbs. As shell guns, the 
Dahlgren guns deserved all the praise ever given them, but whatever 
their capabilities might have been as such, as armor guns they were 
entirely neglected in the Civil War. 

The first decisive result of this line of development occurred when 
the Monitor and the Merrimac came together. The former ship was 
armed with 11 inch smoothbores. The use of shells was out of the 
question, and the use of shot demanded the ordinary or 15 lb. charge. 
The 168 lb. projectile, fired with a 15 lb. charge, gave a muzzle 
energy of little, if any, over 1300 foot-tons, or only about 150 foot- 
tons more than the 68 pdr. The Merrimac’s armor, inclined at an 
angle of 30° with the horizontal, consisted of narrow bars rolled from 
railroad iron, and consequently of excellent material, in two thick- 
nesses, giving a total thickness of 3 inches, laid on over about twenty 
inches of oak. As far as can be ascertained, no material damage was 
done by the Monitor’s fire to the armor of the Merrimac; nor should 
it have been expected, for twenty years before Robert Stevens had 
published the law, founded on experience, that the heaviest artillery 
then existing (the 68 pdr., using a 16 lb. charge, this being the regu- 
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lation United States charge for the old 68 pdr. at that time) could not 
pierce a thickness of 4 inches at an angle of 45°, and certainly the ad- 
ditional 150 foot-tons of the 11 inch projectile were no more than 
equivalent to the additional 15° of inclination of the armor. Had the 
30 Ib. charge been used during the action—which doubtless would 
have been the case if the Government practice had not so carefully 
excluded it—the muzzle energy of the projectile would have been 
about 2730 foot-tons, or more than double what it was, and, as was 
afterwards proved by experiment, both in the United States and in 
Europe, every fair blow planted by the Monitor in the action would 
have smashed a hole completely through the armor and driven a 
shower of splinters and broken pieces of shot about the confined bat- 
tery-deck. Out of the forty-three shots fired by the Monitor, if the 
scant allowance of ten per cent. be made for fair blows, the Merrimac 
must have been forced to a surrender through the havoc caused on 
her battery-deck. 

Another point with regard to the artillery power of the Monitor 
deserves especial attention. A certain number of wrought-iron shot 
were supplied for the guns, which, as has been shown, were much 
more powerful than cast-iron ones, in so far as piercing armor is con- 
cerned. Owing either to the hurry of manufacture or through care- 
lessness, these shot were not carefully gauged, and the danger of 
jamming them in the bore in loading caused them to be set aside 
during the action. It was afterward proved by experiment that even 
the low energy developed by the small charge was sufficient to cause 
wrought-iron shot to smash through armor disposed like the Merri- 
mac’s. It is not intended in drawing attention to these points to cast 
slurs upon the practice of the Government during those days of gen- 
eral confusion, arising from the lack of preparation for a sudden war, 
but rather to point out the very important lessons that may and 
should be learned by all naval officers, on whom the chances of vic- 
tory or defeat are imposed by their profession. 

As is well known, at the outbreak of the war a special Naval Com- 
mittee was appointed to examine and determine upon types of iron- 
clads to be built for immediate service. The report of this Board 
presents several points of interest in connection with armor work in 
the United States, as it forms the starting-point of armor development. 
These points were: 1st. That a thickness of armor-plating of 44 
inches was essential. 2d. That solid plates should be used if it were 
possible to obtain them in this country. 3d. That these plates should 
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be rolled ones, in preference to hammered ones. A fourth point 
deserves transcription verbatim. “The question whether wooden 
backing or any elastic substance behind the iron plating will tend to 
relieve at all the frames of the ships from the crushing effect of a 
heavy projectile, is not yet decided. Major Barnard says ‘to put an 
elastic material behind the iron is to insure its destruction.’ With all 
deference to such creditable authority, we may suggest that it is pos- 
sible a backing of some elastic substance might relieve the frame of 
the ship somewhat from the terrible shock of a heavy projectile, 
though the plate should be fractured.” 

In this opinion the Board seized directly upon the true foundation 
of armor defence, and under circumstances that made the emission of 
such an opinion remarkable. The members had examined the re- 
cords of English experiment and they knew that Major Barnard’s 
opinion was right; for as has been stated, it had been proved in 
England that a rigid backing like granite or cast iron was superior to 
wood in the aid that it gave to the resistance of armor plates. They 
knew that at that very time the English were strenuously working to 
devise some method by which backing could be done away with. 
Yet they did not lose sight of the fact that the wall of a fortification 
and the side of a ship were under conditions which required radically 
different treatment, and that the question before them was /o save the 
side of the ship, and not the armor. The English were led on for a 
time by the less destructive effects on the armor when iron backing 
was used instead of wooden, forgetting that a vessel might still hold 
her own with her armor smashed provided her frames were unbroken, 
whilst with her frames smashed, her armor was useless, no matter 
how sound it might be. 

The three ironclads ordered by recommendation of this Board, 
represented three types of ships and armor entirely distinct from each 
other. The Galena was a total failure, and would not even merit 
passing notice were it not for the lesson that may be learned from an 
examination of the method by which her armor was secured, 
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The total thickness of the armor was but 23 inches, and the 
absurdly complicated way in which it was put together made it 
weaker than would have been the case with plain plates. The iron 
was arranged in bars, so as to show a clear outside surface, free from 
bolt-heads and with the joints lapped and calked. In so far as ex- 
terior appearance was concerned, nothing could have been better. 
The inner surface, however, was cut and curved in such a way as to 
give a maximum of racking effect, the idea apparently being to make 
the plates lap like shingles so that each should cover the fastenings 
of the next plate before it. In reality the bars were only bolted down 
one side so that a shot would rack it out of place if it did not break 
it. This vessel succumbed to the first test under Fort Darling, in an 
action from which the Monitor came out entirely unharmed. 
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New Tronsides. 


The New Ironsides and the Monitor had not a single point of resem- 
blance either as ships or as armor targets, and as both types were 
submitted to the most thorough tests possible, much of value may be 
learned from an examination of them. The former ship was a frigate 
in rate, carrying a broadside battery, having a wooden hull and solid 
plate armor. The latter was in size but little beyond the rate of a 
gunboat, with a concentrated turret battery, and iron hull and lami- 
nated plate armor. Although it is somewhat beyond the scope of 
the subject to enter into the history of a vessel, exception is made in 
the cases of these vessels, every particular of which should be of the 
greatest interest to American naval officers. 
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The scheme of the New Ironsides was due to Mr. B. H. Bartol, of 
the Philadelphia engine-building firm of Merrick & Co., who submit- 
ted the design to the Navy Department. The ship herself, however, 
was designed and built by the Cramp shipbuilding company of 
Philadelphia. She was a casemated ironclad frigate with unarmored 
ends, except that the water-iine belt was complete all around. Her 
armor consisted of 44-inch solid plates backed by twenty-one inches 
of oak, the whole inclined throughout the casemate at an angle of 
30° from the perpendicular. This armor plating was manufactured 
at Pittsburgh, and in its disposition bore a very close resemblance to 
the French system, as applied in the Gloire. The backing was fixed 
in thickness by the scantlings required for a wooden vessel of that 
size, some additional increase being allowed for the great extra weight 
which it was required to bear. The fastenings of the plates were of 
the French system of iron woodscrews with a single modification 
designed by the builders. It had been reported that the similar bolts 
of the Normandie had developed serious leaks on her trip to Vera 
Cruz, and to counteract this, rubber tubing was countersunk into the 
outer layer of backing, projecting slightly beyond the countersink, so 
that when the plate was set back firmly by screwing up the bolt, the 
rubber would clasp the shank closely and caulk the joint watertight. 
This method of fastening proved a complete success when submitted to 
the test of service. Her battery consisted of fourteen 11-inch smooth- 
bores and two 8-inch Parrot rifles, and the ports were closed by means 
of heavy iron shutters pivoted over head to swing laterally, being on 
the exterior of the armor. Her speed was but about six knots at 
best, as the mathinery given to her had been built for a corvette of the 
Wyoming class, but with the help of a good spread of sail she was 
enabled to hold her place for months together off Charleston. 

For two years this ship was submitted to the most severe test that 
a war vessel can undergo: alternate blockade duty and close action 
against fortifications. The following extracts from official reports 
give a fair idea of her qualifications as a fighting ship, in so far as the 
general subject under consideration is concerned: 1st. From Captain 
Turner’s report of the part taken by the New Ironsides in the gen- 
eral action with the Charleston forts, April 7th, 1863: “ Forcing her 
way up the channel, she received the fire of the enemy generally 
obliquely, excepting when she fell off one way or the other. One of 
these shots striking the forward facing of a port-shutter carried it 
away instantly. ... The damage done to this ship, with the excep- 
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tion of the loss of a port-shutter, is not material. . . . The distance 
at which she received the severest fire of the enemy was about one 
thousand yards.” Extract from the sworn testimony of Commodore 
Turner before a court of inquiry relative to the fight of April 7th: 
“She lost one port-shutter, shot away. She had one of her plates 
cracked by a shot. She had a breeching-bolt driven in. She 
received a shot on her beak which twisted it a little and cracked it. . 
. . There was nothing to impair her efficiency in the slightest degree, 
either in her iron or woodwork. She was as ready to go into the 
fight ten minutes afterwards as she ever was. . . . No shot or shell 
entered the ironclad part of the Ironsides. The iron plating of the 
spar-deck is confined to the wooden deck above it by iron bolts half 
screw. There were about thirty of these bolts over each gun. 
Wherever shots struck where there were no sandbags the bolts 
would be driven down like bullets. One shot did strike where there 
were no sandbags and the bolts underneath were driven out by the 
concussion.” 

From the report of Carpenter Bishop of the injuries received by 
the New Ironsides during the attack of August 16th on Forts Wag- 
ner and Sumter: “I count in all thirty-one hits, though | think we 
were struck several times below the water-line. The plating received 
nineteen shots, eleven others struck the woodwork and eight passed 
though the smokestack. No material damage was done to the 
armor, though in four places the iron was so much crushed in as to 
crack it. The backing, except in one place where one width of the 
ceiling is driven in about ¢ of an inch, shows no signs of having been 
started. The forward shutter of No. 3 port on the starboard side 
was shot off. ... Another shot struck the deck, unprotected by 
sand-bags, just abaft the partners of the mizzenmast, going through 
the planking and glancing off as it met the iron underneath. The 
iron, however, was crushed down to the depth of i} inch and par- 
tially broken. . . . All these hits were made by 10-inch solid shot, 
some of them at a distance of not more than from 900 to 1000 
yards.” 

The surgeon’s report for the action of September roth, 1863, in 
which the Ironsides withstood the cross-fire of forts Sumter and 
Moultrie for three hours a/one, gives three men wounded : one slightly 
in the lip from a splinter from overhead, one in the groin from a 
splinter coming through the closed port-shutters (not dangerously ), 
and one from a gun-lever—the latter not due to any effect of shot. 
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These reports give all the injuries received by the New Ironsides 
worthy of mention. Ina period of about six months she was struck 
193 times, and was never forced to go into a home port or depend 
upon outside assistance for repairs. There appear to have been but 
two points of weakness about her: 1st, her port-shutters, which on 
two occasions were shot away; 2d, the fastenings of her deck-plating, 
which were liable to be driven through. Before analyzing the record 
of the Ironsides it will be well to examine those of the other armored 
types. 

As mention has been made of the fact that the keel of an ironclad 
turreted vessel was laid in England before the design of the Monitor 
had been accepted, it seems proper before describing this ship to 
state the claims made to originality. In 1862 John Ericsson filed a 
document in the Navy Department, enclosing an extract from a letter 
written by him in 1854 to the Emperor Napoleon III., submitting the 
design of a low freeboard vessel with an armored deck and armored 
revolving turret or dome. It was from this design that the one of 
the Monitor sprang. This proves quite conclusively that Ericsson 
and Coles were close together in their ideas, and it is unquestionable 
that each worked independently of the other. There is no record 
prior to 1855 to show the submission of ideas publicly by Coles toany 
government, so that to Ericsson belongs the priority of design. In 
1855 Coles constructed a small turreted vessel for the British govern- 
ment called the Lady Nancy, which did service in the Crimea. To 
him therefore belongs the credit of floating the first turreted vessel, 
although the turret of this little craft was not a revolving one, as she 
was intended to fight bows on. To Ericsson again belongs the credit 
gf getting afloat the first revolving turreted vessel, whose drawback 
was that she was in no sense a sea-going ship, and to Coles belongs 
the honor of laying down the keel of a vessel with a revolving turret 
first, and of launching the first sea-going turreted ironclad. Of the 
two ships the record of the Rolf Krake must take precedence of 
that of the Monitor. The latter vessel fought one indecisive action 
(indecisive through no fault of ship or crew, as has been shown), 
engaged in one or two indecisive actions with fortifications and sank 
on her second sea-voyage. The former ship was never in close 
action with an armored vessel, but she silenced Prussian batteries 
several times, held the whole Prussian fleet in check in 1864, and 
after many years of thorough sea-cruising service she is still on the 
active list of the Danish navy. 
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The Monitor was a very small vessel, of not much over 1300 tons 
displacement, having a freeboard of not more than 18 inches, a single 
turret mounting two 11 inch guns, and a pilot-house near the bow, 
which cut off the direct forward fire completely. Her hull was of iron, 
the armored belt, taken in connection with the deck, being practically 
a separate structure, like the cover of a box, put over the top of the 
hull proper and riveted to it. Vertical brackets were riveted to the 
skin, between which the inner layer of backing was secured by bolt- 
ing through the webs; the outer layer of backing was bolted to the 
inner layer, and the armor, made up of five 1 inch plates, tapering at 
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Passaic Side Armor. Pussace Turret 


the bottom to three plates, was d/unt-bolted to the backing, the inner 
end of the bolt coming about two inches short of the inner surface of 
the backing. The deck-plating was of two $ inch plates laid over 6 
inch planking. Total thickness of backing, 23 inches. The turret 
had no backing whatever, being made up of eleven thicknesses of 1 
inch plates. The three inner thicknesses were riveted together, 
breaking joints, and forming in this manner a core, to which the outer 
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plates were attached by through-bolts with countersunk heads, set- 
ting up with nuts on the inside. This was the general system of 
armor attachment followed in all the Monitor type of vessels. 

In so far as the record of endurance against the effects of guns is 
concerned, the ironclads of the Passaic class furnish the best ex- 
amples. These vessels were built next after the original Monitor, the 
main differences being that the displacement was increased to 1875 
tons, the pilot-house was transferred to the top of the turret and made 
on the same principle as that structure, the thickness being a scant 7 
inches ; the turret itself was increased in size to accommodate 15 inch 
guns; the thickness of armor and method of attachment were, how- 
ever, unchanged. Of this class of vessels, the Catskill, Montauk, 
Lehigh, Passaic, Nahant, Patapsco, Weehawken, and Nantucket were 
engaged in the attempts to overcome the Charleston forts, and the 
effects of the projectiles on their armor is directly comparable with 
those of the New I[ronsides, which passed through the same ordeal. 

The first valuable record on the subject appears in a report made 
by Rear-Admiral Dupont to the Navy Department with regard to the 
effect of heavy shot on the pilot-house of the Montauk during an at- 
tack on Fort McAllister, in which he states: “ I allude to the effect of 
shot on the pilot-house, causing by concussion or percussion the large 
nuts screwed on to the bolts inside to fly off with great violence, 
wrenching off the end of the bolt itself. They cross the pilot-house 
and rebound from the opposite side. This renders the pilot-house 
most dangerous, and if often struck, untenable. . . . We are also 
preparing a screen of boiler iron to go around the pilot-houses. It 
may be well to mention that the above effect was produced without 
the round head of the bolt outside being struck, but by the impact of 
a shot between the bolts not weighing over a 32 pdr.” 

Here at once is seen the development of an evil that had been dis- 
covered in Europe five or six years before; that had been partially 
remedied by the English two years before, at the time of the test of 
the “Committee Target,” and that had been fully remedied by the 
French in adopting the iron woodscrew, which, for application to a 
pilot-house, would have necessitated the introduction of backing. 

A month after this action three of the monitors again attacked Fort 
McAllister, the Passaic alone being injured. She was struck 34 times 
—g9 times on side-armor, 13 times on deck, 5 times on turret, 2 times 
on pilot-house, once on roof of turret, and once on the smoke-stack. 
The turret-armor was uninjured ; three bolts in the pilot-house were 
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broken, a turret-beam of railroad iron was broken, several bolts of the 
side-plating were broken at one place where several shot struck close 
together, and the deck-plating was crushed through in several places, 

The effects of the forty-minute action under the forts at Charleston 
are very important, more especially as owing to a difference of opin- 
ion between the Navy Department and the commander of the fleet, 
resulting in the relief of the latter from his command, the lessons 
which should have been learned at the seat of government by this 
action were entirely lost, and in the attempt to overpraise the Monitor 
type and to give to the world a false opinion of their invulnerability, 
the most patent defects were left unremedied. 

On the Passaic, the outside armor was struck fifteen times, with no 
noticeable damage. The turret was hit ten times ; one shot indenting 
it locally so as to displace one of the 15-inch gun rails and disable 
the gun; another, a rifle shot, struck the upper edge of the turret, 
broke all of its eleven plates, and glancing up, struck the pilot-house, 
canting the structure somewhat and squeezing up its roof so as to 
leave an opening of about three inches. Captain Drayton’s report 
states: “ Several bolt-heads were knocked off and thrown into the 
pilot-house and turret, and the former might have done serious injury 
to those inside had they not been stopped by the sheet-iron lining 
which I had placed there.” 

On the Weehawken, two or three shot struck the side armor near 
one place, and so crushed and broke it that the backing was exposed. 
The deck was pierced once, although the shot did not get through; 
thirty-six bolts were broken in the turret and a great many in the 
pilot-house. 

On the Montauk, the side armor was hit four times; one shot de- 
taching the entire starboard after section of plating about three-eighths 
of an inch from the backing. 

On the Nantucket, one rifle shot striking the turret near a port, 
bulged in the armor so as to jam the port-stopper, thus disabling a 
gun. Several bolts of the turret were broken, and falling down inside 
the screen, jammed the turret. Theside armor was struck nine times, 
starting the armor off the backing. 

On the Nahant, the bolt-nuts flying from the inside of the pilot- 
house, disabled the pilot and mortally wounded the helmsman, dis- 
abling the steering gear at the same time. In addition to these, five 
men in the turret were disabled by flying bolt-nuts. The side armor 
was badly broken in several places, and in others, started off the 
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backing. Fifty-six turret bolts were broken, some being driven en- 
tirely out and falling on deck. One shot on the pilot-house broke 
through every plate. 

It was in this action that the Keokuk, a new description of armored 
vessel, thinly clad, was pierced nineteen times at the water-line and 
sunk. 

On July roth the Catskill attacked Fort Wagner alone, and in the 
action was struck sixty times. The deck was broken through in four 
places, two of the holes requiring shot-plugs to keep out the water. 
One shot on the pilot-house broke several bolts and drove one nut 
completely through the 34-inch lining. The side plates on the port 
quarter were completely shattered from one 10-inch shot. 

On August 17th in the general attack on Wagner and Sumter the 
Catskill was hit thirteen times. One shot struck the top of the pilot- 
house, fracturing the outer plate and tearing off an irregular piece of 
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the inside plate about one foot square, forcing out several rivets, 
pieces of which struck and instantly killed the captain and the pay- 
master, and wounded the pilot and another officer. 

On September oth three men on the Weehawken were wounded in 
the turret by a siot breaking one of the railroad iron beams of the 
roof. A few days before, a shot striking the base of the turret of the 
same ship, disabled Fleet Captain Badger. The report of the inspec- 
tor of ironclads of the injuries received by the monitors in the attack 
of the 17th of August, states: 

Catskill.—Piece of pilot-house roof about eight square inches broken 
in. Twelve bolts broken in pilot-house, fifteen bolts broken in turret, five 
breaks through the deck, side armor started off in several places. 
Weehawken.— Deck plates broken through in six places. Fifty 
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turret bolts broken. Two T beams of turret-roof broken. Twelve 
pilot-house bolts broken. Side-plating started off in several places, 
some of the shots penetrating the five plates. The plating at the bow 
started off the backing four inches. One shot under the overhang 
which broke through the side. Sixteen days necessary to complete 
repairs on this ship. Patapsco.—Two deck plates broken clear 
through. Two T beams of turret-roof broken. Twelve days re- 
quired to repair the ship. 

The injuries received by the Lehigh in the course of one month 
were: one shot within eight inches of the bow, on the port side, which 
opened the stem from one to four inches, starting four bolts, warping 
the whole bow and opening the armor on both sides. One shot, 
some distance farther aft, penetrating four plates and driving the fifth 
into the backing, starting the deck plates and knocking out nine bolts. 
The backing was penetrated about five inches, starting a bad leak. 
Three shot abreast the turret on the side-armor started all the plates 
in the vicinity. Side-armor around the stern badly started. One 
shot on the turret bent all the plates, cutting through the outer one 
and cracking the inner one. 

The other actions of the monitors with the forts show practically 
the same results. No test could have been more severe, nor was it to 
be expected that the monitor would prove perfect in resisting power ; 
but a simple rehearsal of the injuries sustained should have suggested 
simple remedies to those having charge of the construction and repair 
of these ships. This, however, was not the case, for the faults found 
in this first type were perpetuated in monitors built long after the first 
actions developed their existence. The fastenings of the side-armor 
showed their liability to draw from the first, and the trouble was one 
that could have been remedied without withdrawing the ships from 
service. Even had this not been the case, the blunt-bolt should have 
been condemned, yet it never was. The danger of using interior nuts 
on ordinary $crew-bolts was demonstrated in the first action of the 
Passaic, and whilst iron screens might have served as a partial cure for 
the monitors then engaged at the front, certainly the evil should have 
been cured in other vessels. Attempts were made to remedy this 
fault, it is true, but they were ineffective, and these attempts were 
inexcusable in the face of the improvements already cited as made by 
Sir William Palliser in reducing the shank of the bolt, and by the 
Committee on Iron Defences (English) in introducing rubber washers. 
The roofs of the turret and pilot-house were repeatedly proved to be 
dangerous, yet the faults were not remedied. 
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In fact, so great was the glamor cast over the monitor type of ships 
by the defeat of the Merrimac and the name of Ericsson, that although 
steering-gear was deranged and turrets were jammed in every general 
action, the spindle-turret with its pilot-house mounted on top was 
retained unaltered even in the monitors rebuilt in 1874. It cannot be 
claimed that the great demands in other directions left no time to 
examine into these defects and remedy them, for the construction and 
development of the monitor type was entrusted to a special body of 
officers ; furthermore, an officer charged specially with the inspection 
of these vessels before Charleston was kept constantly at the front. 

The following extract from an official report made by one of these 
officers just after the action of April 7, 1863, shows clearly the absolute 
blindness to any and all imperfections of the monitor : 

“When the laminated plates upon the side of the monitors were 
struck severely, the indentations were deep, the bolts securing them 
to the backing started loose, the entire plates bent and separated from 
each other to an extent which impressed the non-professional observer 
with the idea of great injury; but when the [expert] examined them 
with a view of judging how well they would withstand another blow 
of the same force upon precisely the same place, he perceived that 
the original power to resist shot had not been greatly reduced. On 
the other hand, the so/id plates of the Ironsides were not so deeply 
indented ; there appeared to be no disturbance of the plates by bend- 
ing, but few bolts wére started, and few persons other than the critical 
[expert] could look closely enough to see that the plate was entirely 
broken through in a manner which would inevitably permit the pas- 
sage of the second shot striking the same place. To the casual ob- 
server, therefore, the solid plates will have the appearance of having 
withstood the bombardment better than the laminated; but the zn- 
prejudiced [expert] will perceive that the latter disposition of the 
metal is much the most effective in attaining the desired end.” 

In view of the fact that as early as 1854 it had been definitely deter- 
mined that laminated armor only possessed two-thirds the resisting 
power of solid plates of the same thickness; that the New Ironsides 
of all the ships engaged in the action of April 7th, was the only one 
in condition to go into action again immediately ; that after hauling 
out of action she was submitted to weeks of twisting strain through 
rolling and pitching at her station outside of the bar, which would 
have developed any weakness brought about by the impact of pro- 
jectiles, the above expert opinion seems to lack decidedly in the ele- 
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ment of fair-mindedness. Instead of regarding the action as a test of 
the weak points of all the ships engaged, which were to be singled 
out, studied and remedied, there was a demand—not only implied, 
but expressed, in official language and the most positive terms—that 
the shortcomings of the monitors should not be made known, 7 order 
not to give encouragement to the rebels. In obedience to this these 
serious faults were belittled, and so the Monitor, born in battle in the 
United States, never passed the age of swaddling-clothes here, while 
in Europe it developed into the Inflexible and Duilio of to-day. As 
for the New Ironsides, not only was her record neglected, but no at- 
tempt was ever made to either repeat her type or develop her. The 
nearest approach to it was made in the Dunderburg, which far more 
closely resembled the Tennessee than the New Ironsides. 

The attempts made in the South to create an ironclad navy were 
by no means contemptible. With the limited means at hand and the 
lack of skilled labor available, the results call for the admiration of 
naval people. The general type is well represented in the Atlanta 
and the Tennessee. The former of these vessels was converted from 











Midship Section of Atlanta, 


an iron-hulled blockade-running steamer ; the latter was a wooden- 
hulled ship, built for the purpose. In both, the battery was carried 
in a central citadel, whose walls sloped at the sharp angle of 30° with 
the horizontal. The solution of the problem of converting the block- 
ade-runner Fingal into the ironclad ram Atlanta was of the simplest 
form. The additional displacement required to float the superstruc- 
ture being known, a raft of logging of the required size was laid over 
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the hull, sloped down to the natural water-line of the vessel and 
covered with 4 inch plates. At the knuckle of the casemate, which 
formed the water-line, 2 inch plates were bolted, and the sides of the 
casemate proper consisted of 15 inches of Georgia pine logging, 
covered by 3 inches of oak, on which were two layers of 2 inch iron 
bars 7 inches wide (probably rolled from railroad iron). The inner 
layer was horizontal and the outer one was vertical, the fastenings 
being 1¢ inch through-bolts set up with nuts and washers. 

In her action with the Weehawken she was hit four times; first by 
a15 inch shot on the side of the casemate, on a line with the port- 
holes, breaking completely through armor and backing. The shot 
itself did not pass through, but the splinters (aggravated in this case 
by the soft pine of the inner backing) wounded upwards of forty men. 
A second shot (supposed to be an 11 inch) struck a port-shutter, 
breaking it and indenting the armor beneath. A third shot struck 
the pilot-house, broke the heavy casting of which it was made and 
displaced several plates below it, breaking and indenting them. The 
fourth shot struck the knuckle about amidships, breaking the plate 
and displacing several others. 

The armor and backing of the Tennessee were of the same descrip- 
tion as those of the Atlanta, being somewhat heavier. The framing 
of the casemate consisted of an inside diagonal ceiling of 24 inch oak, 
vertical pine timbers 13 inches thick, yellow pine planking 53 inches 
thick, an outside layer of 4 inch oak timber, and the armor, made up 
of three thicknesses of 2 inch iron bars 7 inches wide—the whole fas- 
tened by 1} inch through-bolts, set up with nuts on the inside. The 
armor of the ends of the casemate was one inch less in thickness, the 
outer layer of bars being 1 inch. Total thickness of armor on side of 
casemate, 6 inches of iron and 25 inches of backing. 

In her action with Farragut’s fleet in Mobile Bay she received 
the following injuries from projectiles: After side of casemate 
nearly all the plating started; one bolt driven in; several nuts 
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knocked off inside; marks of nine 11-inch solid shot in the close 
vicinity of the port. Port side of casemate, a hole completely 
through the side made by a 15-inch shot, leaving on the inside an 
undetached mass of oak three feet by four projecting inside the case- 
mate about two feet from the side, shot not through. Marks visible 
of between forty and fifty shot, varying from severe to slight. Smoke- 
stack shot away. Three port-shutters jammed while closed, disabling 
the guns behind them. 

The effects of projectiles on these two vessels appear to show quite 
distinctly a line of demarcation between the powers of the 11-inch 
and 15-inch guns ; that is, the armor of the Atlanta was enough to 
thoroughly resist the 11-inch projectile with the 20-pound charge at 
500 yards, and that of the Tennessee to withstand the same shot 
practically at the muzzle. The 15-inch shot broke through com- 
pletely in both cases. Here, as elsewhere, the total unfitness of the 
plain armor bolt appears, the nuts flying off almost invariably. The 
system of exterior port-shutters, forming in reality a part of the 
armor, failed in both these vessels and also in the Ironsides. Pine 
backing was proved not only to be useless in resisting power, but a 
source of positive danger from flying splinters. The iron bars used 
as armor showed their weakness in the ease with which they were 
displaced. This disposition was not one of choice, however, as mate- 
rial was lacking for the manufacture of either solid or laminated 
plate. 

A great number of experiments with the 11-inch gun against armor 
were made at Washington during the war, some of which were espe- 
cially valuable in elucidating points with regard to the composition of 
armor. The charge used was thirty pounds of powder with the solid 
shot of 168 pounds, giving a muzzle energy of about 2750 foot-tons. 
As an evidence of the variable quality of plates which were manufac- 
tured at that time, and also of the error in claiming too hastily great 
racking power for a gun, two experiments are chosen which were 
made, the one against what was known as the Dahlgren target and 
the other as the Nashua target. 

The Dahlgren target was a single 44-inch plate, eight feet long by 
four feet wide, backed by twenty inches of white oak and a 1-inch 
skin. Against this were fired two 11-inch shot, one 68-pdr. shot 
and one 40-pdr. rifle steel shot. The plate was secured to the 
backing with the plain bolt and nut. These four shot smashed the 
plate to pieces and brought it down entirely from the target together 
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with a great part of the backing ; the last shot, which wasan 11-inch, 
going entirely through. 

The Nashua target consisted of a single 44-inch plate, 16 feet long 
by 34 feet wide (manufactured at the Nashua Iron Works), backed 
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Vashua Target. 

in the same manner as the Dahlgren target with twenty inches of oak 
and a 1-inch iron skin. Against this were fired at a range of thirty 
yards three 11-inch cast-iron shot and three wrought-iron ones. The 
plate was badly cracked in some places and the fifth shot broke off 
one end of it. In no case, however, did a shot get entirely through 
the target. The cast-iron ones were broken up and the wrought-iron 


ones did not penetrate a full diameter. An inspection of these tar- 
gets shows at once that the plate used on the Dahlgren target was a 
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very poor one and therefore gave no true evidence of the power of 
the gun. The Nashua target, on the other hand, showed quite con- 
clusively that the 11-inch gun at point-blank range was not equal to 
the task of overcoming a good 43-inch plate backed by twenty 
inches of oak. The combination was as close to the limit of power 
of that gun as could well be made. The experiment further showed 
that no ship armed with t1-inch smoothbores and cast-iron projec- 
tiles could be considered a match for the Gloire class of ironclads. 
This was no light matter when it is considered that the New Ironsides 
was the only vessel rated as a frigate carrying these guns owned by 
the government, whilst the Normandie, impregnable to her battery, 
watched the course of the war from a Mexican port. 
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Wood-screws and Through-bolis. 


Another experiment shows in an excellent manner the comparative 
value of the wood screw and the plain bolt and nut. A 44-inch plate 
was backed with twenty inches of oak and faced with twelve inches 
oak. The plate was held to the backing by four iron wood screws, 
whilst the facing was secured to the backing by six plain bolts set up 
with nuts. The single 15-inch shot fired against it pierced the target 
completely, tearing off the facing and starting the backing. None of 
the wood screws were either broken or started from the face of the 
plate. All of the plain bolts, however, were started, one bolt-head 
was broken off and one bolt-nut with the threaded end of the bolt 
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was torn off. The racking effect gave the woodscrews a very severe 
test, for one piece of plate was thrown over one hundred feet é0 the 
front of the target. 

Quite a long series of experiments was carried on against plates 
with sheets of rubber varying in thickness from #4 inch to one inch 
applied in various ways, as facing to plates, between the layers of 
laminated plating and between plate and backing, but in all cases it 
was found to have no effect whatever in relieving the plate. Before 
leaving the 11-inch gun certain experiments carried on in France and 
Russia are well worth recording as showing the maximum effect 
attainable with a 168-pound spherical projectile. A target was built 
at Gavres representing a section of the Flandre class of ironclads, 
consisting of a 4}-inch Petin and Gaudet plate, backed by twenty- 
seven inches of teak and oak, the whole secured by iron woodscrews. 
Against this during the trials were fired first a steel 168-pound ball 
with 50 pounds of powder, the gun used being an 11-inch rifle, whose 
great length of bore permitted a complete utilization of the charge. 
The shot went clear through the target and to spare. A second steel 
shot, fired with a charge of only 22} pounds of powder, also went 
through and to spare. 

This experiment was partially verified at St. Petersburg, where 
steel 168-pound projectiles were fired from an 11-inch rifle at a 4#- 
inch plate backed by twenty-four inches of oak. The shot pierced 
the target first with a 33-pound charge and again with one of 274 
pounds. Comparing these shots with the ones fired at the Nashua 
target a good idea is presented of the different effects produced by 
partial and complete utilization of the energy of fired gunpowder. 
The cast-iron shot broke up, barely breaking through the 44-inch 
plate and making no noteworthy cracks. The wrought-iron shot 
passed through the plate, but was held by the backing of twenty 
inches. The steel shot, fired from a gun that fully utilized the full 
charge of powder, showed its capability of piercing 4}-inch plates 
and 27-inch backing with a charge of powder 7} pounds less than 
that required for the cast and wrought shot in the American gun. 

The 44-inch plate, with 20-inch backing, proved to be no match at 
all for the 15-inch projectile, and in one experiment at Washington a 
shot broke through a 6-inch Petin and Gaudet plate with 30 inches of 
backing at a range of fifty yards with sixty pounds of powder, 
the muzzle energy being about 6100 foot-tons. A 44-inch plate 
backed by 54 inches of 1.1-inch plates, behind which was twenty 
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inches of oak, proved too much for this projectile, however. A shot 
fired at it broke out a disk of the 44-inch plate and the thin plates 
were indented though not broken through. Nearly all the bolts, 
however, were either thrown out or broken from the shock. By far 
the most instructive experiments carried on with 15-inch projectiles 
were made in England in 1868 with a Rodman 15 inch gun, using 
American cast-iron shot and English powder. 

The object of the experiments was to test different combinations of 
armor for fortifications, and the guns used during the trial were the 
12, 10, 9 and 7-inch Woolwich rifles and a 15-inch Rodman smooth- 
bore. The charge of the Rodman gun was 83 pounds of English 
R. L. G. powder, which corresponded in effect to 100 pounds of 
American Mammoth. The projectile was 452 pounds American 
charcoal cast-iron. The muzzle energy was 5700 foot-tons. The 











Bermuda Target. 


first target against which the 15-inch gun was fired represented an 
embrasure section of a proposed fortification for Bermuda, consisting 
of three thicknesses of 5-inch plates on one side of the embrasure 
and four thicknesses on the other side. Between the inner and the 
middle plates was inserted a single thickness of leather of # of an 








DEVELOPMENT OF ARMOR FOR NAVAL USE. 407 


inch ; otherwise the plates lay directly against each other and were 
through fastened with Palliser bolts. 

The first shot of the smoothbore was against the 20-inch side of 
the armor, the projectile striking the ground a little in advance of the 
target, thus hitting the armor on ricochet. The shot was deformed, 
but not broken ; penetration 43 inches ; two cracks in the outer plate ; 
no signs of damage on the interior of the casemate. The second 








lS in-Shet~ 20in.-Armar 


shot struck the plate fair ; projectile penetrated 44 inches and broke up. 
The main piece of the shot which was mushroom shaped rebounded 
some distance ; outer plate cracked through, the crack running from 
the point of impact to the edge of the plate. On the interior the 
supports were slightly started. 

The third shot was on the 15-inch section and struck the plate fair. 
Projectile deformed but not broken; penetration, seven inches ; diam- 
eter of imprint, seventeen inches. This greater penetration was due 
to the shot striking near the edge of the plate, so near as to start out the 
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lower edge of the next plate above ; one bolt broken. The fourth shot, 
against the same section ; projectile broke up and pieces thrown back ; 
penetration five and a half inches, one bolt driven partially in, and the 
outer plate split diagonally across. The fifth shot struck the granite 
block foundation, completely smashing the block hit. 

Two shots were fired at this target fron the 10-inch Woolwich rifle, 
which furnish an excellent comparison of the relative powers of the 











408 DEVELOPMENT OF ARMOR FOR NAVAL USE. 


two guns. The charge of powder was sixty pounds, weight of pro- 
jectile 397 pounds, muzzle energy 4580 foot-tons. The first shot hit on 
the 15-inch section and pierced it; the outer plate was cracked across 
and a large piece of it was thrown down from the target. The second 
shot struck the 20-inch section, penetrating thirteeen inches, and 
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cracked the front plate. The shot broke up, the head resting in the 
hole, the rest being thrown back. The inner plate of the armor was 
broken and a piece five feet long by sixteen inches wide (a) was 
thrown into the casemate. Some of the supports were badly bent 
and racked. Against this solid target then, the 10-inch rifle showed 
greater racking effect and far more penetrating power than the 
15-inch. In the official summary of these experiments the following 
very significant remark is made: “The target of the Plymouth 
Breakwater and Bermuda Forts resists successfully the most powerful 
smoothbore.”’ 

A second target against which the 15-inch gun was tried, consisted 
of an 8-inch plate backed bya 2-inch plate resting against a cement 
backing eight feet thick, the whole fastened by through bolts ten 
feet long. One shot fired against this broke up on impact; penetra- 
tion four and one-third ipches, no interior effect visible. Still 
another target was tried with this gun, consisting of a 6-inch plate 
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placed against U frames seven inches deep, filled with Portland 
cement; these frames riveted to a 2-inch plate backed with cement 
fifteen inches thick. A shot fired against this was deformed but not 
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broken; penetration 7.7 inches; bolt broken just above the point of 
impact; inside plate somewhat sprung; all the rivets broken. One 
more target consisting of a single 15-inch rolled plate unbacked, was 
fired against; the penetration being four inches. The plate was 
broken, showing an inferior quality. In the final report on these 
experiments it was stated that the 12 and 10-inch rifles were more 
than a match for the targets; the 9-inch rifle was almost powerful 
enough. The 15-inch spherical projectiles do not penetrate enough 
to do serious damage, but at a close range (200 yards) cracked the 
plates considerably. 

This series of experiments was the last one in which a 15-inch gun 
was brought against armor; the test was a perfectly fair competition, 
and the inferiority of the highest calibred smoothbore used afloat 
was clearly demonstrated. In reality, the g-inch Woolwich did more 
actual damage than the 15-inch Rodman, but the best comparison in 
effect is shown with the 1o-inch rifle. In so far as weight of gun 
and ammunition is concerned, which is an important element in 
naval artillery, the 10-inch possesses great advantages. Taking for 
example, the ordnance allowance for one of the single turreted moni- 
tors, which could be fairly taken at two 15-inch guns with eighty 
rounds of ammunition. By substituting guns corresponding to the 
10-inch Woolwich, a more effective battery would have been given to 
the vessel, whilst a saving in weight of about eight and a half tons 
would have been realized. From the examples given of the effects of 
the r1 and 15-inch, it clearly appears that the great racking effects 
claimed for these guns were never realized, except when they were 
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brought to bear on inferior iron plates. In 1863 the manufacture of 
the 44-inch plate in the United States had been so far developed that 
it could not be split and broken up by the 11-inch projectile. The 
Shoeburyness experiments of 1868 showed that at that date the same 
was true of the 5 and 6-inch plates opposed tothe 15-inch gun. From 
this time there could be no question of overcoming iron armor except 
by punching it. 

The important part which the fastenings and the backing play in 
the development of armor was thoroughly brought out in the fights 
between the monitors and the Charleston forts, and yet, notwithstand- 
ing the superiority in effect shown by the rifle-shots fired against the 
monitors, when compared with those of the 10 inch spherical projec- 
tiles, the Parrott rifle was left undeveloped and the monitor-armor 
almost entirely unimproved. Almost the only radical change made 
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Roof of Pilot House-—Modified. 


in the armor of these vessels was that of increasing the thickness of 
the pilot-house and turrets (which had never been pierced), and after 
the death of Captain Rodgers had forced those in charge of the con- 
struction of the monitors to acknowledge one defect, an alteration in 
the roof of the pilot-house by covering the original two 1 inch plates 
with 8 inches of wood, over which was laid two # inch plates. The 
extra plates on the cylinder of the pilot-house were carried up to the 
top of the outer plates. This modification may appear at first sight 
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to be an improvement, but in reality it was not, for the three plates 
carried up were easily penetrable by both spherical and rifle projec- 
tiles, which thus attacked the wood backing in its most vulnerable 
direction, so that the chances were in favor of tearing off all the wood 
and the outer plates by one or two shots. In arranging the fasten- 
ings a singular and very bad error was committed. One half of the 
bolts securing the outer plates to the backing were blunt-ended, plain 
bolts like those of the side-armor, ending about two inches short of 
the inside of the backing. These were of no use whatever in hold- 
ing against a shot coming in at right angles to them. The other half 
of the bolts went clear through and were either upset at the inner end 
or set up with nuts, either of which disposition left the interior of the 
pilot-house in as bad a condition as ever, in so far as the danger from 
flying bits of iron was concerned, A much better disposition would 
have been: 1st. To house the outer edge of the whole roof behind 
the full thickness of the pilot-house armor. 2d. To put wood- 
screws through the upper part of the armor to a depth of a foot or 
more into the backing, at right angles to the face of the armor. 3d. 
To tie the outer roof-plates to the backing by short wood-screws. If, 
in addition to this, single 2 inch plates had replaced the two inner 
thicknesses, the rivets used here would have been avoided and the 
roof would have been cured of its defects. 

Before leaving the smoothbore gun, attention must be called to 
one vital fault, which was an almost insurmountable obstacle to devel- 
opment. The difference in effect between cast, wrought and steel 
projectiles has been shown. Wrought-iron shot had to be forged 
necessarily, and the same operation was required with steel ones in 
order to give them the necessary strength to resist deformation or 
breaking. To forge a spherical projectile with the accuracy of out- 
line demanded in shot is a matter of the greatest difficulty, increasing 
the cost of the ammunition beyond the point where the resulting 
effects would warrant the expenditure. This point was made the 
subject of investigation in England in comparing rifled and spherical 
projectiles, and the report stated that cast iron was the only metal 
that could be used with smoothbores without extravagant expendi- 
ture. The use of this metal in projectiles appeared to show a limit 
in effectiveness beyond which no increase of calibre would be of ben- 
efit, and it was thought that the 13-inch projectile was at the limit. 
That is, having given an armor which would not give way to the 
13-inch cast-iron projectile, it would be equally efficient against a 20-inch: 
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cast-iron shot. The additional energy of the latter would practically 
go for nothing, as it would be carried away from the armor in the 
rebounding pieces of shot. It is true that many of the cast-iron projec- 
tiles made of the best American charcoal iron did not break on impact, 
but this was the exception rather than the rule, and even then, where 
the armor plates were solidly backed the difference in effect was not 
great. 

In thus condemning the 15-inch smoothbore, it is not intended to 
convey the impression that the gun is a useless one or that during 
the civil war it was not a thoroughly effective piece of ordnance. As 
used against the Charleston forts and the Confederate ironclads, no 
guns then in existence could have served the purpose better, for the 
opposing armor and stone walls were inferior in resisting power, 
whilst the guns were frequently used against troops in the field and 
lines of earthworks where the shell-fire was terribly effective. It 
required no great foresight, however, to see that the armor carried by 
men-of-war would be rapidly developed ; therefore, the rifle gun must 
absolutely replace the smoothbore in coast fortifications. The Civil 
War gave to naval vessels a peculiar line of duty which would not be 
realized in any foreign war, which, from the geographical position of 
the country, must be eminently a naval one. The 15-inch smooth- 
bore represented the maximum development of that type of artillery, 
whilst its companion piece of the monitors, the 1oo-pdr. Parrott 
rifle, was but the commencement of a new development. The great 
error of the artillerist in America was the neglect to cultivate the rifle 
and develop its power, whilst on the armor side, those in charge of 
the work closed their eyes obstinately to the invaluable lessons taught 
by the Charleston actions. There was but one natural result to these 
follies. and to-day the United States, after receiving the most valuable 
experience possible, at the time when in the early development such 
experience was worth the most, finds itself without guns and without 
armor equal to cope with the guns and armor in use in Europe at the 
close of our Civil War. 

This total lack of development of armor, or neglect to profit by 
the experience of actual war, assisted by the evidence of results 
obtained on foreign firing-grounds, is a matter of reproach which 
must be borne by the navy; and yet, of all those who were interested 
in or connected with the question of armor for naval use, none are 
less blamable than those who were actually engaged in battle on 
board of the monitors. The reports and official letters of command- 

















DEVELOPMENT OF ARMOR FOR NAVAL USE. 413 


ing officers teem with information with regard to the faults and with 
wise suggestions of remedies. The ingenuity of subordinate officers 
was put to the severest test to neutralize the bad effects of faulty 
dispositions, and they accomplished marvellous results. Indeed, the 
Navy Department called for especial reports from the commanders of 
the ironclads before Charleston, which should detail the faults and 
suggest remedies. Amongst the reports made in response to this 
call, one, made by Lieutenant Commander (now Commodore) Edward 
Simpson, has a more than ordinary interest, not only from the thorough 
detail of the faults, and wisdom of its suggestions, but from the fact 
that apparently not the slightest attention was ever paid to it. 

With regard to the side-armor of the monitors, Captain Simpson 
says: “ The side-armor, as disposed on the overhang of these vessels, 
does not perfectly fulfil the requirements. A shot of any size never 
strikes it without producing more or less serious effect, sometimes 
breaking through all the plates, generally driving the mass of iron 
before it into the backing, and sometimes causing leaks. The solid 
plates of hammered iron on the New Ironsides, though only 44 inches 
in thickness, resist the impact of shot much better than the 5 inches 
of laminated iron on the sides of the monitors. ... The manner 
in which this armor is arranged at the stem is very insecure. 
These vessels are useless as rams, except against wooden vessels. 
The armor of this vessel at the stem is sprung apart 6 inches by con- 
tact with another monitor while in the act of turning. The laminated 
iron, when disposed in a plane perpendicular to the flight of the pro- 
jectile, does not seem to answer all demands; but when disposed in 
the form of a turret, no objection can be raised to it. The turrets 
are as near impregnable as anything can be made. The only objec- 
tion to them is the ‘ through-bolts,’ which allow the nut inside to fly 
when the head of the bolt is struck. 

“The most vital and dangerous part of this construction is the 
roof of the turret, which must be apparent to every one as weak. It 
never can be struck without causing damage. . .. The roof 
of the Weehawken was struck at long range; the result was the 
fracturing of the thigh of one man, and lighter wounds to two others; 
and this or worse must be the result as long as the roof is left in its 
present state. 

“I will perhaps be excused if I hazard an objection to the prin- 
ciple involved in the present arrangement of turret, pilot-house and 
spindle, 
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“The turret has two bearings on the spindle—one on a shoulder, 
under the centre of the floor-beams, and another (through diagonal 
braces) from the ends of these beams to another shoulder at the level 
of the roof. These bearings are provided with composition rings to 
prevent cutting. 

*‘ The pilot-house is supported on the end of the spindle. In order 
to secure the pilot-house from being knocked off by the effect of a 
blow, a composition ring is secured to the roof of ‘the turret, which, 
at its top, has a horizontal flange which overlaps a projecting ring 
attached to the base of the pilot-house. 

“This is the best manner in which the object could be attained, 
and, as long as the form of all parts remains as they came from the 
foundry or machine shop, it will work well. But the battering effect 
of heavy ordnance will knock anything out of shape, even an 11-inch 
turret or pilot-house, as in the case of this vessel, causing the turret 
to revolve eccentrically. The effect of this eccentric rotion on board 
of this vessel was the derangement of the whole system by the jam- 
ming of a piece of ¢-inch bolt between the composition ring and the 
pilot-house. 

“ The piece of bolt entered freely at the place where it had stopped 
in, but the eccentric motion caused the surfaces of ring and pilot- 
house to approach each other when the turret was revolved, and the 
jam took place. ... Efforts were made to force them apart, 
with 35 pounds of steam, at the risk of destroying the gearing of the 
turret-engine, and causing the beams of the ship to work several 
inches; but no effect was produced. This difficulty is 
most serious in its consequences; the steering gear is of course 
deranged and the pilot-house becomes useless. It may occur again 
in this vessel; it may occur on board of any other vessel of this 
class. 

‘‘] recommend that a system of turret should be devised by which 
it will have no connection with the spindle, but have a bearing all 
around its base, running on such antifriction rollers as the inex- 
haustible ingenuity of our mechanics can invent.... I would 
also recommend that the base of the turret should be carried below 
the spar deck. The base-ring as now attached to the turret prevents 
injury to the bottom of the turret itself; but the liability of stopping 
the revolution of the turret by forcing the iron down to the deck-plates 
is just as great as ever. Ina late action of this vessel, owing to this 
cause, it required at one time 34 pounds of steam to revolve the 
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turret. . . . I have also had two shots that penetrated the deck 
directly under this ring.” 

This report was written in October, 1863. The faults pointed out 
were ones which had been repeatedly made evident in action, which 
had been studied and profited by immediately in Europe. The sug- 
gestions with regard to the turret made by Captain Simpson were 
precisely what will be found to-day carried out in every turreted 
vessel built in Europe, and yet, after this report has been permitted 
to quietly absorb dust for twenty years, the question is allowed to 
rise seriously whether this disposition of turret and pilot-house shall 
be applied to United States turreted vessels. Because a publicity of 
the faults of the monitors would give encouragement to the rebels, 
they were allowed to exist uncorrected, and to give to Americans an 
entirely false idea of the real strength or weakness of these vessels. 
As a type, the monitor is superb; as the ship actually exists in the 
United States navy it is but a single step short of absolute failure. 
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IV. 
IRON ARMOR AND RIFLED GUNS. 


Although armor and rifled guns have gone hand in hand in devel- 
opment since the time when they were first opposed to each other, 
neither one depended upon the effects of the other for its creation. 
Shell-fire from smoothbore guns was introduced into the French 
naval service in 1824, and at that time General Paixhans, in an 
official letter to the French government, prophecied that this new 
departure would force the creation of armored ships. The result of 
the naval action of Sinope in 1853, when a small Russian squadron 
armed with shell-guns annihilated a Turkish fleet, was the immediate 
cause of the introduction of armor, which, two years afterward at 
Kinburn, neutralized the invention of Paixhans and fulfilled his 
prophecy. 

The naval rifled gun did not appear fairly in service anywhere 
before 1858, although the principle of the rifle antedated in actual use 
even the shell-gun. First appearing as the rifled musket in the 
hands of infantry, it gradually developed into the light field-piece, the 
siege-gun, and finally heavy naval and fortress artillery. To France, 
again, is due the credit of the first step in the introduction of naval 
rifled artillery. During the Crimean war, a number of 16 centimeter 
(64 inch) cast-iron rifles were constructed and put aboard ship for 
trial. Although these guns were crude in the extreme in design, they 
presented so many points of superiority over smoothbores of corres- 
ponding weight, especially when tried against armor, that develop- 
ment was rapid; and, before 1859, the government was thoroughly 
committed to the rifled gun as the standard for heavy artillery. To 
follow the details of the development of the various systems of 
artillery would require a volume in itself, and by far the greater num- 
ber of the modifications are entirely unconnected with the subject of 
armor. A concise review of the main steps taken, however, is neces- 
sary to a thorough understanding of the effects produced; and a 
description of the defects in development furnishes a study which 
may be of the greatest use to naval officers, not only in so far as 
ordnance and armor are concerned, but in every other department of 
the naval profession. 
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The first naval rifles constructed in France were cast-iron muzzle- 
loaders, modelled after the Paixhans shell-guns and having studded 
projectiles. In 1864 this type was condemned in favor of a cast-iron, 
hooped, breech-loader. The breech mechanism of this type has re- 
mained the same in principle up to the present time, and is now 
recognized throughout the world as being the most efficient of all the 
types in use. In this type (known as the model 1864-7), parabolic 
rifling was introduced ; the studded projectile, however, being retained. 
In 1870 this gun was modified by improving the breech-action, lining 
the gun with a steel tube on the Parsons plan, altering the rifling to 
the multigroove system, substituting copper bands on the projectile 
for the studs, and lengthening the bore. In 1878 this type was again 
modified, the main alterations being in the substitution of steel for 
cast iron, and lengthening the bore. 

In 1860 France undoubtedly led the world in development. 
Although not at that time adopted, her systems of breech-loading, 
polygrooved rifling, increasing twist and banded projectile, were 
under actual test. The government was thoroughly committed to 
the complete substitution of rifled for smoothbore guns. With such 
a lead as this in the race of development there was no reason why that 
country should not have kept to the front, but two false steps taken 
threw her to the rear so rapidly that before 1867 both England and Ger- 
many were far in advance. Let it be understood that whilst in other 
countries there was a strong element in favor of the smoothbore, in 
France that artillery had been condemned definitely throughout the 
navy and coast fortifications. An immediate and complete substitution 
was demanded, the cost of which would be enormous. Having 
boldly taken the stand for a revolution of system, and wisely studied 
the true line of development, the country itself, and more particularly 
the artillerists, took fright at the budget. Compromises were 
sought and found in the conversion of the old smoothbores and the 
use of cast iron in the new constructions. Once started in this 
direction, the talent of France struggled gallantly but uselessly to 
overcome the fatal defects of cast iron. For fifteen years the develop- 
ment of power in artillery was kept at a standstill, except in so far as 
increase in calibre was concerned. The end was reached in 1875 
when cast iron was condemned, and from that time France has 
brought her artillery rapidly and steadily up until it is again abreast 
of the foremost systems. The compromise, instead of being an 
economy, was an absolute waste, as it led to the condemnation of two 
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distinct systems instead of one; for the heavy cast-iron-lined rifles 
must be replaced before they have served out a lifetime. In defense 
of their line of action the French have pleaded the inability of their 
factories to produce the steel required; but in face of the facts that, 
from the beginning of armor manufacture, French steel plates have 
never been excelled, that to-day France is the only country able to 
produce thick all-steel armor plates, and that she first introduced 
steel frames and plates into her ironclad construction, such a reason 
is trivial. 

The other great mistake made in this navy was the neglect to 
develop, or rather nurture, the manufacture of gunpowder. In the 
early days of rifled guns it had been found that a Belgian powder- 
making firm at Wetteren produced a most excellent large-grained 
powder. The supply of this material for naval use was given over 
entirely to this firm, thus removing from those who were developing 
the gun, the responsibility for the development of the powder. It 
is only within the past six years, or since the introduction of the 
all-steel rifle, that the manufacture of special powders for heavy naval 
guns has been systematically established in France. 

In England, in 1855, Armstrong constructed his first breech-loaders, 
which were introduced into the field artillery service. About the 
same time the Blakeley system of hooped cast-iron muzzle-loaders (the 
original of the French hooped guns) was experimented with ; and 
shortly afterward Whitworth submitted to the government his types 
of breech and muzzle-loaders. In 1858 and 1859a series of competi- 
tive tests against armor was carried on between the Armstrong and 
Whitworth systems, resulting in the adoption of the former type for 
the navy. The type of breech mechanism of this gun was, however, 
fatally defective, and the moment that the calibre of the gun was 
carried to the 7-inch, which was the size required for the main bat- 
teries of all unarmored vessels, the faults became plainly apparent. 
After repeated accidents and much loss of life the navy clamored for 
a muzzle-loader. A special committee on designs for artillery was 
established in 1863, and after a series of exhaustive experiments the 
Woolwich type of muzzle-loader was adopted in 1864. This con- 
sisted of the Amstrong coiled principle of construction combined 
with the French groove and studded projectile. The rapidity of de- 
velopment in calibre was astonishing. Commencing with the 64-pdr. 
in 1864, the 7-inch and g-inch appeared in 1865, the 11-inch in 1867, 
the 124-inch in 1875, and the 16-inch in 1877. As early as 1864 
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Armstrong constructed a 12-inch, which was immediately copied and 
improved upon at Woolwich. The limit of development was reached 
in 1877 with the 16-inch by the government and the 17-inch by Arm- 
strong. In a single year the most complete change took place, and 
from the steel-tubed, coiled wrought-iron muzzle-loader, the naval 
weapon was altered to the long-bored, all-steel breech-loader, which 
is the type now being developed. 

The first false step taken in the English development was in the 
substitution of the muzzle for the breech-loader. At the time when 
this was done the error was excusable, for notwithstanding the success 
attending the French and Prussian systems, both of these types were 
weak and untrustworthy, and the navy had been made suspicious 
of all breech mechanisms through the faults of the Armstrong. The 
Woolwich system undoubtedly gave the strongest type of gun then 
in existence, and this quality, which is the main one to be secured in 
any artillery system, gave to those guns a reputation which, however 
well deserved at first, became a stumbling-block to development in the 
end. Up to 1868 the Woolwich gun had no equal, but English 
artillerists are alone to blame for the ground lost between 1868 and 
1878, that sent their guns from the foremost rank to the rear in 
everything except diameter of bore, which in development is the last 
step for consideration. In the light of the rapid strides being made, 
not only all around them, but in England itself, English artillerists 
could not possibly have placed themselves in a more ridiculous posi- 
tion than they did in their attempts to hold against the irresistible 
tide of development. For years it was known to them that the 
studded system of projectiles caused the cracking of the tubes. 
Absolutely driven from their argument of poor steel, they accepted 
the gas-check on the rear of the projectile with the apology that it 
was necessary to save the powder-gas lost through.the windage-ring. 
Again it required years of test with the gas-check to force them to 
acknowledge that with it the stud was an unnecessary incumbrance. 
The inventive genius of all England was put to a strain in enlarging 
the chambers of the muzzle-loaders and contriving novel cartridges 
before it was acknowledged that the only possible way of getting a 
large charge home in a gun was to put it through the breech. When 
at length the complete change was forced, the new guns hitched 
along from coiled wrought-iron jackets to coiled steel, from coiled 
steel to mild steel forgings, and finally to the jacket of full strength. 
The length of gun went from 18 to 22 calibres, then to 25, again to 
28, and apparently with reluctance to 30 and over. 
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Had all these steps been advances in general development they 
would have been proper, but they were not. Every single change from 
the original Woolwich to the present steel breech-loader was made only 
after it had become an old story on the continent. When the Krupp 
breech-loader overpowered the Woolwich gun at Tegel in 1868, the 
English obstinately closed their eyes to the lessons of the long bore, 
high charge, prismatic powder and tight-fitting projectile, and noth- 
ing was heard but complaints of an unfair test. Breech-loading, in- 
stead of being examined carefully by the lights thrown upon it on 
the continent, was sneered at as being “Frenchy.” Steel was con- 
demned at Woolwich apparently more because Krupp was a success- 
ful rival of Armstrong than for any other reason. 

In Prussia, the breech-loading rifle was adopted in 1858, the guns 
being of cast iron, with a breech mechanism modified from the Wah- 
rendorff type and called the Kreiner double wedge block. In 1864 
cast iron was condemned as being entirely unfit for rifle construction. 
At this date there was much discussion over the type of breech-block, 
the Navy Department demanding the Krupp cylindro-prismatic 
block, whilst the Artillery Board insisted upon developing the Kreiner 
type. The Navy at this time also protested against the use of both 
cast- and wrought-iron projectiles. In 1866 the Navy Department 
ordered four 84-inch Krupp guns for trial, and the excellent results 
given by the tests caused the adoption of the gun for both marine 
and coast artillery. From that time to the present, the development 
has been so regular and steady, that though the Krupp gun of to-day 
is very different from the model of 1866, there is no period where a 
distinct line marking a change is apparent. The single change of 
system was made in 1866, and that was not a radical one. Choosing 
at the start the best of the metals, the Krupp type has in reality proved 
to be the least expensive of all. The substitution of new guns for 
old goes on with true Prussian precision. As the new guns go into 
the most prominent forts and ships, the older patterns retreat into 
those of lesser note. The condemned artillery is almost exclusively 
composed of guns worn out in service, and not obsolete until their 
lifetime is passed. This cannot be said of the English, French or 
American rifles. 

It is a fact not generally known, but which is of interest in tracing 
the history of rifled guns, that Russia tested and adopted the Krupp 
rifle before Prussia. That country was very decidedly in favor of 
breech-loaders from the start, and arrangements were entered into 
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with Krupp in 1862, so that as early as 1863 an 84-inch steel rifle 
was tested in Russia against 44 inch armor plates. From the results 
of these experiments, steps were at once taken to arm the forts and 
the fleets with this type of artillery. To Russia more than to any 
other country Krupp owes the rapid development of his factory. In 
1866 he had built a 94-inch gun for this country and in 1867 an I1- 
inch. Immediately after settling upon the type of ordnance, the 
Russian government took steps toward establishing a home factory, 
and in 1863 a subsidy was granted to M. Obouchoff, who commenced 
work in 1864, and by 1867 his factory had advanced to the construc- 
tion of 94-inch guns, all steel, which were fully equal to those made 
by Krupp himself. From that time to the present the Russian 
Krupp gun has held its own with those made at the mother factory. 
In the United States, of all the types of rifled artillery that have 
been put forward as naval guns, the only one whose career merited 
the title of a development is the Parrott Rifle; and of all successful 
types ever developed, it is safe to say that none have been more 
maligned, with less reason than this. It first appeared about 1856 as 
a field piece, and was rapidly developed and improved until 1862, at 
which time it was the most powerful gun of its calibre and weight in 
existence. In that year the New Ironsides carried the first 8-inch 
caliber into action. The development of the gun ceased at this time ; 
and its performance in 1865, when, in the attack on Fort Fisher, six 
guns exploded, killing 16 and wounding 23 men, condemned it. In 
1874 the Parrott was converted into a breech-loader, being strength- 
ened by the insertion of a steel tube on the Parsons plan, and an in- 
creased size of hoop. At the same time the 11-inch smoothbore 
was converted into an 8-inch rifle, and the line of type development 
of United States naval rifled artillery was marked out by the 
design of steel breech-loading 3-inch boat guns. In 1878 this first 
inception was expanded into a 6-inch steel rifle, and in 1882 the first 
designs of high-powered breech-loading steel artillery were deter- 
mined and work was commenced on the construction of the guns. 
The original Parrott rifle possessed several features of the highest 
merit at the time when it was adopted in the navy. It was strength- 
ened by a coiled wrought-iron hoop, which afterward was the prin- 
cipal merit of the Woolwich type. Its rifling was polygrooved, with 
increasing twist, an adaptation universally used at present. It pos- 
sessed for that time an extraordinary length of bore, which to-day is 
considered one of the most essential features of a high-powered gun. 
Finally, for its calibre and power it was the lightest gun in use. 
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The first error committed by the government with the Parrott 
rifle was, the total neglect to remedy apparent defects after it had 
been adopted. It came cut of the war in 1865 as it had entered it 
in 1861, notwithstanding that its dangers and defects were well known, 
all of which could have been remedied easily even during the war, 
The second error was, in permitting the existence and growth 
throughout the service of the feeling of distrust for all rifled guns 
growing out of the accidents at Fort Fisher and elsewhere, and which 
would have been stopped but for the obstinacy of the support of the 
smoothbore in spite of the experience of the war and the well-grounded 
opinions of all Europe on the subject. The greatest error of all that 
was committed, was in commencing the new departure with the con- 
version of guns, and having commenced to convert, in the adoption 
of both the muzzle- and breech-loading systems. It is true that these 
guns were acknowledged to be “ makeshifts” by the Navy Depart- 
ment, but a makeshift in any department of human labor is only per- 
missible in case of the most extreme urgency. In 1874 the ex- 
treme urgency existed for the fossession of rifled guns, but there was 
no urgency for their immediate use, therefore it was the settled type 
that was demanded and not the makeshift. The converted Parrott 
was a more powerful gun than the converted smoothbore, and if 
breech-loaders were to be the final type, then the expenditure on the 
conversion of smoothbores to muzzle-loading rifles was more waste 
than economy. If it was the intention to learn from conversion the 
manufacture of guns of an original type, then nothing was really 
gained, for nothing in the conversion except the breech-mechanism 
resembled the final type, and there was little, if anything, learned at 
the foundry which would be of use in original gun-building. Had 
the total conversion been confined to the Parrott rifle, the navy 
would to-day have at least had more rifled batteries than it possesses. 
Had original construction been undertaken instead of conversion, the 
development would have been far more advanced, and what is of the 
greatest importance, its effects would have been felt throughout the 
service now. By the careful method of a double system of conver- 
sion instead of a single method of construction, the navy broke no 
eggs, but in consequence it has no omelette. In both the navy and 
army it has been impossible to turn the eyes of the artillerists from 
the accumulations of pot-metal in the gun-parks. Years after French 
talent acknowledged itself fairly beaten in the attempt to utilize cast 
iron ; when Great Britain and Germany have turned their backs upon 
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it; when no country, be it even half-civilized, will purchase a gun 
having cast iron in it; when the celebrated attempt of the Italian Gen- 
eral Rosset, whose knowledge of cast iron for guns was second to 
that of no man living, and who brought to his work all the modern 
appliances, practical and theoretical, ended in an acknowledged {fail- 
ure; the United States government still hauls its old cast-iron guns 
from the parks, and goes over for the thousandth time the weary 
round of experiments. From this economic thraldom the navy has 
at length broken loose and development has actually commenced. 

The first experiment made in England with rifled ordnance against 
armor was on October 8th, 1858. The gun used was a Whitworth 
cast-iron 68-pdr. muzzle-loader, which was quite the same pattern as 
the smoothbore of that name, except that its calibre was 5} inches. 
The target was a 4-inch plate backed by 7 inches of oak, and both 
cast and wrought-iron shot were fired at ranges of 350 and 400 yards 
with charges of 10 and 12 pounds of powder. The effect of the cast shot 
was not as great as that of the 68-pdr. round shot, but the wrought-iron 
projectile completely pierced the target. The crude condition of the 
rifle development in England at this date is exemplified in the diffi- 
culties encountered in this experiment. Seven shots in all were fired, 
of which the second missed the target altogether, the fourth jammed 
in loading and was wasted, and at the seventh shot the gun burst. 

In the latter part of 1859 the Armstrong gun was first brought to 
bear against armor. This was an 80-pdr. muzzle-loader, used ata 
range of 400 yards with 10 pounds of powder, firing shells and both 
cast and homogeneous iron shot. Out of four shed/s fired at a 3-inch 
plate, two pierced it completely. Against a 4-inch plate, backed by 25 
inches of oak, cast-iron shot only cracked the plate, homogeneous 
iron ones going clear through. Against a 44-inch plate and the same 
backing no shot could get clear through, although the plates were 
split and the backing torn. It was in the report on this experiment 
that the judgment was given that “ vessels clothed in 44-inch rolled 
iron plates are invulnerable to existing artillery at all ranges.” 

In January, 1860, a Whitworth 80-pdr. was tried against a 44-inch 
plate with about 7 inches of backing, a conical-pointed projectile get- 
ting through. The gun was cracked at the third round. 

In the early part of 1861 a special committee on iron was appointed, 
whose long and exhaustive experiments on iron armor for naval use 
have been ever since considered throughout the world as the standard 
of reference. The work done by this committee was remarkable, 
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and their judgments were exceptionally free from errors. There was 
but one naval officer attached to it, Captain Dalrymple Hay, the pres- 
ident of the committee. Fairbairn was one of the civilian members, 
and Noble, whose reports on ballistic experiments and the action of 
fired gunpowder have since given him a world-wide reputation as an 
expert, was under its orders. Dr. Percy, the foremost metallurgist 
of the world, was another member. The experiments carried on and 
the results obtained during the three years of the existence of this 
committee, placed England in the foremost rank of development both 
in armor and artillery. At the commencement of their work they 
divided into two separate branches, one of which took the firing 
ground as its base of operations and the other the laboratory, whilst 
Noble took charge of the branch of velocities of projectiles and pres- 
sures of powder. As a first step in their work they made a careful 
study of all the armor experiments that had been previously made, 
the most important of which have been described. They next called 
before them all the principal artillery experts and metal workers of 
England and ascertained their opinions upon all the details of the 
work which they were to undertake. Passing from these introductory 
steps, which familiarized all the members with the work in hand, they 
took up the work of the firing ground, and for three years submitted 
guns and armor toa most vigorous course of experiments. In their 
first report, made in March, 1862, at the end of their first year’s work, 
appears a complete epitome of all the knowledge existing at that 
time with regard to the action of projectiles on armor. With regard to 
the work done and the methods used it states as follows: 

“In order to ascertain generally what qualities were desirable in 
armor plates, as well as to determine the relative powers of resistance 
in plates of the same thickness but of different materials, we sub- 
jected to experiments plates of copper; of wrought-iron, hammered 
as well as rolled, and obtained from different manufacturers ; of homo- 
geneous metal; of steel; and of a combination of iron and steel. 
Several series of plates were prepared, each series consisting of plates 
i, 4, 2, 1, 13, 2, 24 and 3 inches in thickness. In ordering these 
plates we took care not to restrict the makers to any particular make 
or quality of iron, merely explaining that the plates were intended to 
resist projectiles at high velocities, and leaving each maker to exer- 
cise his own judgment as to the most suitable quality for the purpose. 
In this way we secured as great a variety in the character of the iron 
as possible ; so that, after experiment, we might form our own opinion 
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as to the special qualities to be desired in practice. The plates were 
all tested under the same circumstances. They were secured on 
wooden frames, without backing, and were fired at with projectiles 
varying in size and weight according to the thickness of the plates. 

“Up to the present time we have not found any material so well 
adapted for armor plates as wrought iron of the softest quality. .. . 
The plates experimented on were manufactured by different processes. 
The Lowmoor plates were manufactured under both hammer and 
rolls. At the Thames Iron Works the plates were made from 
heterogeneous scrap and puddled bar, and were manufactured entirely 
under the hammer. In the plates of Beale & Co. pure scrap from 
their own works, in combination with puddled bar, was used, and the 
plates were manufactured by rolling. The Pontypool plates were 
made from charcoal iron and worked both by hammer and rolls. 

“ We have been led to the conclusion, that in order to produce the 
best armor plates it is by no means essential to employ the most 
costly description of iron. Charcoal iron and the highly esteemed 
varieties of Yorkshire irons possess no qualities which make them 
specially desirable for this purpose; and it seems certain that, with 
suitable care and sufficiently powerful machinery, good armor plates 
may be obtained either by hammering or rolling or by a combination 
of both, at a moderate cost. 

“The experiments above mentioned served also for the investiga- 
tion of the laws of resistance, in any given material, for plates of dif- 
ferent thicknesses, to projectiles of different natures and weights and 
with different velocities. Mr. Fairbairn has been further guided by 
statical experiments on the same plates, carried on under his own 
superintendence. 

“It appears that, up to a certain thickness of plate, the resistance 
to projectiles may be assumed to increase nearly as the square of the 
thickness. The measure of the absolute destructive power of the 
shot is not its omentum, as has been sometimes erroneously thought, 
but the wor% accumulated in it, which varies directly as the weight of 
the shot multiplied into the square of the velocity at impact. With 
all materials ordinarily employed as projectiles, a part of the work is 
lost through mechanical action on the shot itself (which either breaks 
up or becomes distorted), and through the rebound of the shot or its 
fragments after impact ; but it is scarcely possible at present to ascer- 
tain the amount of work thus lost. 

“ As to the form of the projectile, Mr. Fairbairn has shown that in 
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statical punching experiments nearly twice the work is required to 
punch a plate with a round-ended as compared with a flat-ended 
punch. Both Mr. Pole and Mr. Fairbairn have given formulae ex- 
pressing approximately the results of the experiments with ordnance, 
A combination of thin plates, instead of a single solid plate, had been 
recommended to the committee ; but if it be true, as above stated, 
that the resistance of plates increases in a geometrical proportion to 
their thickness, it is clear that such a combination must offer far less 
resistance to shot than a solid plate of the same thickness. They 
were subjected to experiment and were found in every case far weaker 
than solid plates of similar thickness. 

“We have found that plates are more liable to be damaged when 
struck near their edges, and we therefore recommend that they should 
be as large as possible, consistently with due economy in manufacture, 

“ On the subject of fastenings of armor plates we speak with hesi- 
tation ; but it is certain that bolt-holes are not so injurious as has been 
supposed, and that if the bolts are in sufficient number and made of 
suitable iron, and of at least two inches in diameter, they form a tol- 
erably secure means of attachment. The experiments show that the 
bolts have very important functions to perform. They have not only 
to hold the plate upon the side of the ship, but to resist the damage 
from vibration and to prevent the buckling of the plate in parts remote 
from the blow. 

“ All tonguing and grooving, or any departure from plane-edges, 
is a source of weakness to each particular plate ; is liable to assist in 
destreying neighboring plates which would not otherwise be affected 
by 2 blow, and has structural disadvantages in preventing facility in 
repairing a damaged ship or changing a damaged plate. The result 
of experiment. demonstrates that, however much the armor plates may 
be supported by direct contact with a rigid backing of iron, and how- 
ever desirable it may seem to exclude wood or other perishable 
materials from them, yet the concussion is so injurious to the fasten- 
ings of a rigid structure that, in the present state of our knowledge, 
it would be unwise to recommend the abandonment of the wood 
backing.” 

The actual power of the English service rifle guns and the quality 
of resistance of armor plates, as determined by actual experiment at 
that time, appears from the following table : 
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Mr. Fairbairn found from his statical experiments on punching 
that the work done in causing fracture varied as the circumference of 
the punch, so that in future experiments, instead of taking into con- 
sideration the total striking energy of a projectile in comparing effects, 
the unit adopted was the striking energy per inch of shot’s circum- 


ference. 


In July, 1862, a very important experiment was made, with a dispo- 


sition of armor designed for the water-line 
ofthe Minotaur. The object of the experi- 
ment was, to endeavor to ascertain whether 
the alteration from the Warrior plan (by 
doing away with 9 inches of the teak back- 
ing and adding in lieu thereof one inch to 
the thickness of the armor plate) was bene- 
ficial or otherwise. It will be remembered 
that in the Erebus and Meteor trial it had 
been proved that a thin backing was en- 
tirely unsuited for armor; afterward, the 
Fairbairn, Scott Russell and Samuda tar- 
gets had proved that a rigid backing was 
unsuitable. The Minotaur target was an 
attempt to find out if a thickening of the 
plate could be accompanied by a reduction 
in the thickness of the backing. The target 
consisted of 54 inch plates backed by 9 
inches of teak, with the same skin and frame 
as was used with the Warrior. Each plate 
was fastened with three rows of bolts, the 
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upper and lower being 1? inch and the centre 1} inch. The bolts in 
the immediate vicinity of the port-holes were iron wood-screws, 
The gun used in the experiment was a smoothbore, firing a 150 
pound shot with 50 pounds of powder at a range of 200 yards. Four 
shots were fired. The first penetrated 13 inches, buckled the plate 
and started several bolts, cracked two ribs, broke four bol]t-heads and 
eleven rivet-heads, and bulged the skin. The second shot madea 
hole clear through, 18 inches by 14 inches. The third shot was like 
the second, and the fourth, which was of wrought iron, remained in the 
target, but racked it more severely than any of the others. It was 
evident that the Minotaur target was very much inferior to the 
Warrior one; also that 13 and 1? inch bolts were too light. The 
report of the result also states that the progress in the manufacture of 
plates is not yet sufficient to guarantee regularity in the 54 inch plates. 

Just previous to this a test had been carried on with Whitworth 
steel projectiles which proved that artillery development had over- 
matched 4} inch plates. These projectiles were made of homogeneous 
metal, a very mild or slightly carburized steel. The guns used fox 
the trial were a 12 pdr. breech-loader, and a 70 pdr. and 130 pdr. 
muzzle-loader, rifled hexagonally on Whitworth’s plan. At 200 yards 
range the 12 pdr. sent a solid shot through a 2} inch plate, the shot 
passing through unbroken and being set up only } an inch. The 
same gun at the same range sent a shell through a 2 inch plate 
backed by 12 inches of oak, the shell bursting after getting through. 
No hollow projectile had hitherto passed through more than one inch 
of iron without breaking. The 70 pdr. was fired against a 4 inch 
plate backed by g inches of oak, having three feet in rear of it a 2 
inch plate faced with 4 inches of oak, the whole being enclosed ina 
box. At 200 yards a shell was sent through the front target, and 
burst against the 2 inch plate, blowing the whole arrangement to 
pieces. The 130 pdr. was then tried against the Warrior target at 
ranges of 600 yards and 800 yards. Every shell fired pierced to the 
skin of the target, exploding at that point and blowing a hole clear 
through. 

In the report made for the year 1862 the committee gave the fol- 
lowing summary of conclusions arrived at : 

1st. No material for armor-plates yet submitted to us has been 
found to be equal to wrought iron of the softest quality. 

2d. All irregularities such as corrugations, projections, bosses, &c., 
are rather a source of weakness than of strength, it having been 
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proved that the best application of the material is a plain-surfaced 
plate of uniform thickness. 

3d. Small and narrow plates are weaker than large and wide ones 
of the same thickness. 

4th. Tonguing and grooving not only weakens each particular 
plate when struck by shot, but assists in damaging the adjoining 
plates. 

5th. Combinations of bars are inferior to solid plates of the same 
thickness or weight of metal. 

6th. A series of thin plates superimposed offers less resistance to 
projectiles than one solid plate of equal weight and area. 

7th. In all trials which have been made with a view of testing com- 
bined substances in comparison with a solid iron plate of the same 
weight, the solid plate has been found in every instance to offer the 
greater resistance. 

8th. No advantage is gained by opposing iron plates to rifled pro- 
jectiles of good quality at an angle where, by doing so, the plate must 
be made thinner to compensate for a more extended area. 

gth. The more rigid the backing the greater is the support to the 
plate ; but, on the other hand, a soft backing has the advantages of 
yielding in some degree to the distortion of the plate, of distributing 
the effect of the blow over a larger area, of diminishing the damage 
to the general structure, and of retaining the broken fragments in case 
of fracture. ; 

10th. For these reasons it is not desirable, as far as our experiments 
have yet shown, to construct any ships for war purposes without a 
wooden backing in rear of the armor plates. 

11th. The reduction of the wood backing from 18 inches to 9 inches 
(as in the case of the Minotaur class of vessels) does not appear to be 
sufficiently compensated by an extra inch of iron; but the rapid im- 
provement in the manufacture of thicker armor plates may obviate 
this difficulty. 

12th. No target yet experimented on by us has offered so good a 
resistance to shot as that which represented a portion of the midship 
section of the Warrior. 

13th. A facing of wood or other soft substance upon armor plates 
affords a considerable amount of protection from solid shot, but is soon 
destroyed by shell. 

14th. The best method of fastening which has as yet practically 
succeeded, appears to be the simple one of attaching the plates by 
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bolts of large diameter with countersunk conical heads and double 
nuts ; but it is desirable to relieve the jar by interposing a soft sub- 
stance as a washer. 

15th. The committee are of opinion that, successfully to attack 
armor-plated vessels, ic is necessary that the shot should have a 
velocity on impact of at least 1000 feet per second. 





























Chalmers Target. 


In May, 1863, an experiment was carried on which, in the value of 
the results obtained, was one of the most important made by the Iron 
Committee—leading to an especial modification in the disposition of 
the backing of ships’ armor plates. The target was the invention of 
Mr. Chalmers, and was composed of a 3# inch plate with a compound 
backing 10 inches thick, formed of horizontal layers of wood and 
iron plates; behind this was a second armor plate 1+ inches thick, 
with a cushion of timber 3? inches thick between it and the § inch 
plate forming the skin of the ship ; the iron plates used in the backing 
were # inch in thickness and 5 inches apart. The armor-plates were 
secured to the skin by through-bolts 2¢ inches in diameter, having 
stepped conical heads and a square thread, with double nuts and 
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elastic washers. The test given to this target was as nearly as pos- 
sible exactly the one given to the Warrior target. There were 385 
square feet in the face of the target, which received 7 shots from a 
68 pdr. smoothbore, 18 shots from a 110 pdr. rifle, and 3 shots from 
a1so pdr. smoothbore. Of these, 2 of the 150 pdr. shot pierced the 
target, and the general result proved it to be superior to the Warrior 
disposition. 

In the summarized report of this experiment the committee state 
as follows: “ On the target being stripped, it was found that the 3} 
inch plates were much less distorted than the 44 inch plates on the 
Warrior target, and that the damage to the rear of the plates was 
much less than might have been expected from their thickness ; the 
armor plates were forced back upon the edges of the filling plates by 
the blows of the projectiles, were furrowed by the contact in the im- 
mediate vicinity of the blow and indented to a considerable distance 
on each side, but were unbroken, and, except in one or two instances, 
uncracked. 

“The backing proved much more substantial than the backing of 
wood without the interposition of the iron plates, which seemed to 
prevent the crushing of the wood and the spreading of the fracture 
to the contiguous portions of the backing. It would also probably 
tend to prevent ignition from the explosion of a shell, and evidently 
affords great support to the armor plates, as was shown by the fur- 
rows on the rear of the plates. 

“Tt appears to the committee that the system of compound backing, 
adopted by Mr. Chalmers in his target, is of considerable advantage 
‘in adding strength and resisting power to the structure, and though 
it is more complicated and expensive than the ordinary wood back- 
ing, it may possibly be advantageously employed in certain portions 
of armor-plated vessels. 

“This experiment has furnished additional confirmation of the 
advantages of bolts of large diameter, and also of the uncertainty of 
hammered plates.” 

The weights per superficial foot of the targets were, for the War- 
rior 341 Ibs. and for the Chalmers 371 Ibs. The results shown by 
the compound backing were immediately applied in an ironclad, 
which in general design marked almost a revolution in the line of 
development of English shipbuilding. The Bellerophon, the first of 
the ships turned out by Mr. Reed, after his appointment as Chief 
Constructor, was a sharp reform from the long, lean types of ironclads, 
commencing with the Warrior and ending with the Minotaur class. 
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Bellerophon Target. 


In December, 1863, a target representing a section of her side 
between the main and lower decks was tested, and this target is an 
important one, as representing a step in the development of armor for 
ships’ sides. The skin was composed of two thicknesses of ?-inch 
plating, riveted together, with a layer of painted canvas between. On 
the outside of the skin-plating were riveted horizontal angle-iron 
stringers 9}x3x4-inch, the broad flange being square to the skin, 
every other one reaching out to the armor-plates. Wood backing 
10 inches thick was worked longitudinally on the skin-plating and 
between the stringers, bolted to the skin with through-bolts. The 
armor-plates were 6 inches thick, secured by 24-inch bolts. In this 
target the supports were counterparts of the beams and knees of the 
ship herself. The target differed from the Warrior in tie following 
points : 

1st. The adoption of the Minotaur principle of increasing the 
thickness of armor-plate and diminishing that of the backing. 

2d. The adoption of the Chalmers principle of interlaying hori- 
zontal plates; the modifications being that they were converted into 
longitudinal stringers by riveting to the skin, thus adding to the 
strength of the hull, and by leaviug the outer edges } inch short of 
the armor-plates, giving a cushion and relieving the impact strain on 
the skin. 
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3d. A large increase in diameter of bolt fastenings. 

4th. An increase in thickness of skin of almost double. 

The weight of the target per superficial foot was 400 lbs. or about 
17 per cent. more than the Warrior's. The total area of the target 
was 393 square feet, and against it were fired, at a range of 200 yards, 
three 10}-inch spherical shot, two 7-inch Whitworth steel shells, one 
54-inch Whitworth steel shell, four 110-pdr. Armstrong shot and 
three 68-pdr. shot. 

The target was not pierced ; not a single bolt provided with elastic 
washers was broken, although several were squarely hit; the target 
was considered perfectly successful, and the resistance of the armor- 
plates showed that, whilst plates of 6 inches thickness were still of a 
variable nature, the development of certainty in the plate manufac- 
ture had passed the 54-inch limit. 

In November, 1863, the committee reported the results of the first 
trial with the Palliser chilled projectile; the report being as follows: 

“The chilled 12-pdr. shot which were manufactured in the Royal 
Laboratory on the plan proposed by Captain Palliser, all broke up 
on impact, but they showed a marked improvement on the common 
cast-iron shot of the service, the indent of which on the 24-inch plate 
is 0.75 inch, whilst an average of four shots of chilled cast-iron gives 
an indent of 2 inches, and in two instances the 24-inch plate was 
broken through.’ Extensive experiments were carried on with steel 
and homogeneous iron projectiles during the year, and the committee 
reported very strongly the necessity of adopting some type of steel 
armor-piercing shot. 

Shortly after the test of the Bellerophon target, another disposition 
was arranged for the wooden-hulled ironclads, Lord Warden and 
Lord Clyde. The side target as originally designed, consisted of the 
inner planking 8 inches thick, frame-timbers (filled in solid) 124 inches, 
outside planking 10 inches, and armor-plates 4} inches; the com- 
plete target being about the same in strength as that of the Gloire. 
During the construction of the Lord Warden it was found that the 
hull could be lightened sufficiently to permit of the addition of armor 
equivalent to a thickness of 14 inch all around. The question 
whether this thickness should be put into the armor-plate itself, 
applied as a separate plate to the rear of the plate, or between the 
frame and outside planking, was thoroughly discussed, and Mr. Reed 
determined to place it between planking and frame. There was 
much fault found with this decision, as, owing to the very excellent 
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Lerd Warden Target: 


A few months after this test an experiment was made with a target 
representing the Gloire and Flandre sections; French plates being 
used. The Flandre and the Lord Warden sections compared very 
closely in structure in all except the single additional plate of the 
latter between the frame and outside planking, thus : 


Flandre. 
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results obtained from the Chalmers target and the strong recom- 
mendation of the Iron Committee to the Admiralty, it was considered 
that a much stronger target could be made by util'zing the extra 
weight in a Chalmers disposition. 
proved the validity of the objections, for the Lord Warden target 
broke down completely, being easily pierced by the 9 and 10-inch 
rifles firing spherical steel projectiles. 


The result of the firing test 
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The plates of the French target were small as compared with those 
usually applied to English ironclads, being about 7 feet long by 3 
feet wide. The target gave practically the same result as regarded 
resistance as the Lord Warden’s, the general summary of the test 
stating that it could be pierced by the g-inch gun up to 1400 yards, 
whilst it successfully resisted the 68-pdr. smoothbore and 7-inch rifle. 

For a short time the Warrior target had been declared invulnerable 
to existing ordnance, but the advent of the 15-inch smoothbore in the 
United States and the 7-inch Whitworth rifle in England had robbed 
it of its preéminence. The Minotaur disposition was practically a 
failure; the Gloire and then the Flandre types fell to the rear; the 
Lord Warden type was a step backward, and the Bellerophon, al- 
though, thanks to Chalmers and his system of supporting backing, a 
long step in advance, was still behind the artillery in development. In 
1865, however, for the second time, armor caught up with artillery in 
the disposition made for the water-line of the Hercules. 








HT 
HT 
WHT 




















Hercules Target. 


The construction of her target was as follows: The upper half was 
faced with 9-inch plates and the lower half with 8-inch; behind both 
plates were 12 inches of horizontal timber, with Chalmers strengthen- 
ing plates, whose outer edges touched the back of the armor. These 
stringers were riveted to two #-inch skin plates, the whole being 
secured to the hull frames, which were 10 inches deep, filled in 














436 DEVELOPMENT OF ARMOR FOR NAVAL USE, 


between with vertical timber. Behind these filled frames again were 
two linings of horizontal timber, 18 inches deep, not bolted, but con- 
fined by 7-inch iron ribs inside all. (This inner lining occupied the 
space devoted to wing-passages in the earlier ships.) The bolts were 
3 inch, half of them being of the Palliser type. The plates were 
manufactured by Cammel & Co., and the weight of the target per 
square foot was 689 pounds for the thicker section and 652 pounds 
for the other, or about double that of the Warrior. 

Against this target were brought to bear a g-inch shunt rifle at a 
range of 200 yards, whose striking energy was about 3200 foot-tons; 
a 10-inch shunt rifle at 200 yards, with a striking energy of about 
3800 foot-tons; a 104-inch shunt rifle at 200 yards, with a striking 
energy of about 3400 foot-tons, and a 13-inch shunt rifle at 700 yards, 
with a striking energy of about 6870 foot-tons. Thirteen shots in all 
were fired, of which six were from the 13-inch. 

The greatest effect was produced by two shots (a 9-inch and a 1o- 
inch), which struck close together on an 8-inch plate; the damage 
being limited to the penetration of the plate and about 9g inches of the 
backing, the two ¢-inch plates being slightly bulged. In no instance 
was the armor penetrated when struck on a sound place, although the 
committee reported that the plates were not of first-class quality. 
The opinion of the committee on the results of the experiments was 
as follows : 

“rst. That a structure such as is represented by the Hercules tar- 
get appears to be practically impenetrable by the heaviest known 
ordnance so long as it is in a sound state ; and it appears to them to be 
a question well worth the consideration of the Lords of the Admiralty 
whether it may not be advisable to reduce the power of defense in the 
Hercules by substituting 8-inch iron plates for the g-inch now pro- 
posed, and increasing her power of offence by adding the weight 
which would thus be economized to that of her proposed armament. 

“2d. That steel shells of the Armstrong form are valueless as shells 
when fired against such a structure. 

“3d. That chilled iron at £20 per ton appears to be as good a 
material for armor-piercing shot as steel at £80 per ton, at least in the 
form of projectiles used in this experiment. 

“ That the employment of armor-plate bolts of large sectional area 
has proved entirely successful. Of the two descriptions under trial, 
viz. those of ordinary form and those of Major Palliser’s design, the 
latter have maintained their superiority.” 
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This excellent result gave to the Hercules a great reputation as an 
invulnerable ship. She was completed in 1868, and in August, 1869, 
the Russians practiced with one of their new 11-inch rifles against a 
Hercules target, identical in every respect with her midship section at 
the water-line, and pierced it without difficulty at 1200 yards. 

In February, 1868, during the war between Brazil and Paraguay, 
the Brazilian monitor Alagoas was put to a very severe test, which is 
of great interest, as her side armor corresponded closely in resisting 
power to that of the Passaic class of United States monitors. 

The side armor of this vessel was made up of 41-inch solid plates 
backed with 15 inches of teak and a 4-inch skin. Her turret carried 
6-inch solid plates backed by about 10-inch teak and two 4-inch skin 
plates. In an attack on some Paraguayan batteries she was struck 
200 times, her side armor being pierced twelve times and her turret 
twice. The armament of the batteries consisted of Whitworth 32- 
pdr. rifles, 68-pdr. and 120-pdr. smoothbores, and the range for the 
greater part of the time was less than 100 yards. The turret was 
very badly damaged; nearly all the bolts being broken, and the 
wood-backing being badly crushed in several places. 














Huascars Turret 
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The fight between the Huascar, Cochrane, and Blanco Encalada, 
although occurring in 1879, belongs to the period of development 
of both armor and guns marked by the close of the year 1868. The 
side armor of the Huascar consisted of 44-inch solid plates, tapering 
at the bow and stern to two inches, backed by ten inches of teak with 
a #-inch skin plate. The turret had 53-inch solid plates backed by 
13-inch teak, with 4-inch skin plate. The section of the turret in 
front of the guns was reinforced by a 2-inch plate, the backing being 
correspondingly reduced. The conning tower consisted of 3-inch 
plates backed by 8 inches of teak, with two }-inch skin plates forming 
the inner shell or foundation. Against this armor, 9-inch Armstrong 
muzzle-loaders were brought to bear, at ranges varying from 2000 
yards to close aboard, and with the following results : 

(a) Pierced the turret armor through the plate forming the right 
half of the right gun-port, the angle of impact being about 30° from 
the normal. Projectile exploded in the backing. The hole through 
the plate was about g inches in diameter and quite round. The left 
edge of the plate was driven back two inches, the upper right edge 
being driven out one inch. One bolt started out about one inch. 

(6) Pierced the turret armor near the right side of the breech of 
the right gun, making a hole 15 by 12 inches. The plate was driven 
back on one side 1? inches and was split into three layers, showing 
poor welding. The ring around the top of the turret was broken 
and bent up. No bolts were broken. Shot burst in the backing. 

(0) A glancing shot on the turret making a score 10 inches long by 2 
deep, setting the plate back one inch. One other shot glanced on the 
turret, doing no harm. 
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(hk) Pierced one of the after corner plates of the conning tower 
and burst in the backing of the opposite side, forcing off the plate, 


which fell on deck. 

(i) Pierced the after plate of the 
conning tower, exploding in the inner 
space. 

(c) Pierced a side armor plate abreast 
the engines and burst in the backing, 
tearing a hole 48 by 38 inches. 

(e) Pierced a plate on the starboard 
quarter and burst in the backing, mak- 
ing a hole 48 by 36 inches; broke two 
deck beams and started the spar-deck 
up. Broke the tiller chains. 

(f) Pierced the armor near the 
stern-post, exploded in the backing, 
breaking off the head of the stern- 
post, breaking three deck-beams and 
carrying away the relieving tackle. 

(g) Pierced the armor on the port- 
quarter and burst in the backing, tear- 
ing an irregular hole. 

(4) Glancing shot on the upper edge 
of the armor abreast of the turret, 
scoring the side armor. 

(&) Pierced the armor forward of 
the turret-chamber, bursting in the 
backing. 

(m) Glancing shot abreast the 
smokestack. Indented the armor, but 
did not crack it. 

(%) Glancing shot abreast the main 
rigging, making an indentation two 
inches deep. 

This action was remarkable for the 
proportion of effective shots on the 
Huascar’s armor. Out of four shots 
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on the turret two were effective. Three on the conning tower, all 
effective. Eight on the side armor, five of which were effective. 
Although the other ships were hit several times by the projectiles 


of the Huascar’s 10-inch shunt guns, no damage was done. 
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The demands for increased thickness of plates were a source of 
more than annoyance to armor manufacturers, for they required a 
continued remodelling and increase of power of armor plant; and 
even with the most perfect appliances available it was impossible to 
produce plates of more than six or seven inches in thickness that 
could be depended upon for quality. Experiments were, there- 
fore, carried on in England in 1867, with a disposition called the 
“ plate-upon-plate” system, in which thick plates were applied in 
direct contact in several thicknesses. This disposition, although the 
same in principle as the “laminated” one, was distinct from it in 
using thick instead of thin plates. The first series of experiments 
was carried on with targets manufactured by Cammel & Co. One 
target was a single 7-inch plate; a second was made up of two 
34-inch plates bolted together, and a third consisted of three 24-inch 
plates, riveted and bolted. Against these targets a 7-inch gun was 
used with Palliser chilled projectiles. Asa result it was found that 
the solid plate required per inch of shot circumference an energy of 
56.6 foot-tons; the double plate required 54.9, and the treble plate 
50.8 for complete penetration ; or, calling the solid plate the standard, 
with the figure of merit of 100, the double plate would be repre- 
sented by 96 and the treble plate by 89. Much fault was found with 
this experiment, and a few months afterward another test was made 
on thicker plates, using a single plate target of 10 inches and a 
double plate of 5 inches. It was found that the resistance of two 
5-inch plates was exactly three times that of a single 5-inch one, 
which according to the theory of the resistance increasing as the 
square of the thickness, which had been proved true up to 4 inches, 
would make the double plate 28 per cent. less in power than a single 
10-inch one. As a matter of fact, however, the first 10-inch plate 
tested broke down completely at the first shot, and upon a repetition 
of the trial the empirical laws were deduced, that two plates bolted 
together were barely pierced by the g-inch projectile; two plates 
slightly separated were not completely perforated ; and a single plate 
was readily pierced and to spare. These laws only applied as long as 
plate manufacture was in its imperfect state, and were only true of 
the plate-upon-plate disposition. A third series of experiments was 
carried on in 1868, whose results were often quoted in the United 
States as proving the “laminated” disposition to be the best. In 
this experiment a single 15-inch plate was tested against three thick- 
nesses of 5-inch plates and a target of fifteen 1-inch plates. In this, 
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the solid plates broke down under the first shot, and the laminated 
target resisted somewhat better than the plate-upon-plate one. 

Ever since the introduction of the Woolwich rifle, a strong rivalry 
had existed between it and the Krupp breech-loader in development. 
The English had apparently kept the lead, and in 1868 it was decided 
by the Prussian government to purchase an Armstrong 9-inch gun, 
with its English powder and projectiles, and test it against armor- 
plates in direct competition with their newly designed 24-centimeter 
(gt-inch) gun. Three targets were provided for this purpose. No. 
1, consisting of a 6-inch plate with 10-inch teak backing and a 1-inch 
skin. No. 2, a7-inch plate with 30 inches backing; and No. 3, re- 
presenting a section of the Konig Wilhelm, an 8-inch plate with 
10-inch backing and #-inch skin. The guns were put in position at 
a range of 950 yards from No.1; 750 yards from No. 2, and 500 
yards from No. 3. The following were the charges and energies of 
the two guns: 


Krupp. Armstrong. 
Diameter of projectile . . . . . 9.27 inches. 9.0 inches, 
Weight “ ¥ és = «+ | ee 250 lbs. 
“ CMe «2s > ss ao a 
Initial velocity. ... . 1141 feet. 1313 feet. 
Muzzle energy, per inch of circum- 
ference. . .. . . +. «+ « 108 foot-tons. 109 foot-tons. 


Four shots were fired from the Armstrong at No. 1, two at No. 2 
and one at No. 3. The Krupp gun fired but two shots; one each at 
No. 1 and No. 3. Every shot from the Armstrong pierced its target. 
The first shot from the Krupp at No. 3 pierced the 8-inch plate and 
7 inches of the backing. The second pierced No. 1 target, the pro- 
jectile breaking up after passing through. The Armstrong gun 
showed a decided superiority, and as a result Prussian artillerists 
were for a time about equally divided in opinion as to whether it was 
good policy to carry on the development of the breech-loader or to 
adopt the Armstrong muzzle-loading system. Orders were given 
for another trial, and the advice of Krupp was taken with regard to 
certain modifications in the breech-mechanism and powder-charge. 
In July, 1868, a second test took place against the Konig Wilhelm 
target, which showed a marked improvement in the power of the 
Prussian gun, which this time gave a greater penetration than the 
Armstrong. In August a third test was given, and this time the 
Prussian gun showed a decided superiority; to such an extent was 
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this the case that a 21-centimeter gun (84-inch) was pitted against 
the English 9-inch, and gave greater penetration at medium ranges; 
much of this effect was due to the better quality of the projectiles of 
Gruson chilled iron and Krupp steel. 

As a final test of the power and endurance of the two descriptions 
of guns, orders were given to fire 600 rounds from each gun (24-cen- 
timeters and g-inch) with full charges and projectiles. At the 138th 
fire of the Woolwich gun, the inner end of the vent began to give 
way, a crack commencing to show, which at the 291st shot had 
extended 24 inches, and at the 299th shot was 30 inches long, open- 
ing out so as to give certain evidence that the steel tube was cracked 
through. The gun was at this point considered to have reached the 
end of its life and the test was not carried farther. The Krupp gun 
fired 676 shots. After the 430th round the vent began to show signs 
of giving out. At the (6oth shot a Gruson shell exploded in the 
gun and started a crack, which increased in length rapidly until the 
gun was decided to be untrustworthy. During the whole firing the 
breech-mechanism had not given out or showed signs of failure. This 
test decided the Prussian government finally, and the 21 and 24-centi- 
meter guns were formally adopted as naval guns. 

During the same year that these experiments were carried on in 
Prussia, corresponding ones were made in Russia and Belgium, to 
test the power of the g-inch gun against armor. In both of these 
countries guns of exactly 9-inch calibre were chosen, although they 
were of the Krupp type. The target used at St. Petersburg con- 
sisted of an 84-inch plate backed with 32 inches of oak ; complete 
penetration being obtained at a range of 225 yards. In Belgium, two 
targets were used, representing the Bellerophon and Warrior water- 
lines. Both targets were pierced at 250 yards. 

From these experiments it is seen, that in 1868, when the g-inch 
rifle may be said to have established itself as a fully developed 
calibre, armor was still behindhand in resisting power. The factories 
were hardly able to turn out g-inch plates whose excellence could be 
guaranteed, and the water-line belts of the ironclads belonging to 
this period (the Monarch and Invincible in England, Ocean and 
Marengo in France, Venezia and Roma in Italy), were easily pene- 
trable at ordinary fighting ranges by the guns which they carried in 
battery. 

In 1872 an experiment was made in England, with the turret of 
the Glatton, which ranks next in importance to the fight of the 
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Huascar in the results obtained. The turret-plates of the Glatton 
were 12 inches thick (two tiers high), except the two port-plates 
which were 14 inches; backed by 15 inches of oak behind the port- 
plates and 17 inches elsewhere ; with two ?-inch skin-plates, making 
in all a solid thickness of wall of 304 inches. To the skin-plates 
were riveted vertical angles, 5 inches in depth, to which again was 
attached a }-inch mantelet to catch splinters. The Glatton was 
moored in position with her turret in order for action, guns in place 














and revolving gear ready for work. A number of fowls and 
animals were put in the turret in order to test the effects of heavy 
blows on the brain. Three shots were then fired from the 12-inch 
rifles of the Hotspur, at a range of 200 yards, with 600 Ibs. pro- 
jectiles and 85 lbs. charges. The first shot barely grazed the top 
of the turret and was thrown out of account. The second one struck 
one of the upper tiers of 14-inch port-plates at its lower edge, with 
the following effects. Total penetration 20} inches. Upper plate 
forced back at lower edge 54 inches. Horizontal joint between the 
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upper and lower plates opened out 2 inches. Lower plate showeda 
lamination split. One bolt driven partially in, the nut flying off into 
the turret. The double skin bent back and forced open to a width 
of about 3 inches, through which the wood backing protruded. 
Mantelet torn open, leaving a gap 48x18 inches, so that a number of 
ie rivets and bolt-nuts were driven through into the turret. 

The third shot struck the glacis-plate and glanced up on to the lower 
14-inch turret-plate, penetrating 154 inches. Glacis-plate deeply 
grooved and cracked. Flange-ring covering the joint of turret and 
glacis cut through and bent. No interior damage. After this shot 
the turret was revolved, and four shots were fired from its two 12-inch 
guns with full charges. Both the turret and the guns worked with 
perfect freedom and none of the animals or fowls were at all injured. 

Two months after the Glatton experiment an armor test was given 
in Prussia to the new 28 and 26-centimetre (11} and 1ot-inch) Krupp 
rifles. The target consisted of a 12-inch plate backed by 18 inches 
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of oak, with a $-inch skin, the range with both guns being 175 yards. 
The powder charge for the ro%-inch gun was 73 pounds, being but 
two pounds less than that used by the 12-inch in the Glatton test. 
The charge of the 114-inch gun was 88 pounds. The greater length 
of these guns made possible a complete combustion of the heavy 
charges, so that these guns rated in power with Woolwich artillery of 
about one inch greater calibre. In this respect the wisdom of the 
line of development followed in Prussia is well shown by the results. 
Whilst in England it had become a matter of calibre alone in increas- 
ing the power, in Prussia every branch of the subject was carried 
along at once, so that whilst their guns were smaller than the Wool- 
wich, they were fully equal to the best in power. 

The 114-inch Gurson projectile pierced the target, breaking up into 
five large pieces. The head of the shot remained sticking in the 
backing, all the rest being blown out backward by the explosion of 
the shell charge. The 10}-inch pierced the plate, but was held in 
the backing. A second shot fired with the same charge against a 10- 
inch plate, backed by 18 inches oak and a $-inch skin, pierced the 
target clean, breaking up in the rear. A 21-centimeter gun (8}-inch) 
fired at a g-inch plate with the same backing barely pierced the target, 
so that it was considered as a fair measure of the highest power 
of that gun. These experiments show the development of artillery 
with which armor had to contend in a remarkable manner. In all 
cases the backing and skin were practically the same as those used 
with the original Warrior targets. The difference in power of resist- 
ance was measured by increased thickness of plate. In 1863 it had 
been declared that the 44-inch plate over such a backing made a ship 
invulnerable. In 1868 it required a plate of double the thickness, 
and in 1873 three times the thickness to keep out projectiles. In 
1863 the 300-pound spherical projectile could not pierce the Warrior 
target at 500 yards. In 1873 the 6-inch rifled projectile would pierce 
it clean at the same range. 

In passing from 4} to 6-inch plates the great increase in weight of 
armor had necessitated a marked reduction in the space covered on 
the sides of ships. <At first the armor was stripped from all parts 
except the water-line and battery. Soon it was necessary to, in a 
manner, sacrifice thickness on the battery in order to cover the water- 
line. With the introduction of 12-inch plates the limit of guaranteed 
regularity of manufacture seemed to be reached, and the great cost 
of production, difficulty of fabrication, especially with plates of double 
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or even single curvature, and the reduction in area of single plates 
consequent upon increased thickness, forced the armor designers to 
seek a new departure. At first it seemed as if the plate-upon-plate 
method would satisfy the demands, but it was soon found to be im- 
practicable in actual application on account of the difficulty of making 
the plates fit each other exactly. Flat plates had to be planed to true 
surfaces, almost doubling the price of manufacture, and it was found 
absolutely impossible to fit curved plates snugly. 





Sandwich Target. IZ"tinch Woolwich Gun. 


In consequence of this difficulty the method of “sandwich ” armor 
was introduced, differing from the plate-upon-plate system in the point 
of the insertion of a certain thickness of backing between the layers of 
plates. The thickness of this backing was limited by the size of pro- 
jectile that would just pierce the plate outside of it; that is, if the outer 
plate was 7 inches in thickness and required an 8-inch projectile to 
pierce it, it was thought that the sandwich backing should be about 8 
inches thick. This arrangement was made on the theory that a shell 
should not be allowed to pierce a plate and exert the power of its explo- 
sion on the backing so as to drive the plate out. The first application 
of the sandwich system was made in the turret of the Dreadnought, 
which was made up of an outer 7-inch plete backed by g inches of 
teak, then a second 7-inch plate backed with 6 inches of teak, anda 
skin made up of two f-inch plates. The total solid thickness was 
thus 304 inches, almost evenly divided between iron and wood, the 
thicknesses closely corresponding with those of the Glatton. The 
absolute resisting power of the target was superior to that of the 
Glatton in the more perfect manufacture of the individual plates. 
Whilst, however, the turret was strong enough to keep out the service 
12-inch projectile, it was not equal to the power of the guns compos 
ing the armament. Woolwich development had passed to the 12!- 
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inch calibre, which gained much in power by having an enlarged 
chamber, an increased length of bore, and gas-checks on the projec- 
tile to seal the windage-ring. This gun as first manufactured had the 
normal chamber, carrying 2 charge of powder of 130 pounds, with 
an 812 lbs. projectile. In this condition it was tried against a sand- 
wich target, made up of three 64-inch plates, with 5-inch teak layers 
between; the range being 70 yards. The shot pierced the target, 
breaking up in passing through and leaving the base sticking in the 
last plate. This target was afterwards strengthened by bolting to its 
face a third layer of 5 inches of teak and a fourth 64-inch plate, mak- 
ing a total thickness of 26 inches of iron and 15 inches of teak. The 
chamber of the gun being increased to hold a charge of 200 pounds, 
a shot was fired at the reinforced target with the same weight of pro- 
jectile as before and at the same range. The total penetration was 
36% inches, of which 214 was through iron. Even this remarkable 
result was not considered to have shown the full power of the gun, 
as the loading was not satisfactory. 





Sandwich Target,-I2 in Krupp Gum 


During the same year a 12-inch Krupp gun was tested in Prussia 
against a sandwich target, giving a still higher comparative result. 
The target consisted of a 10-inch face-plate with 8 inches of oak, a 
6-inch plate, 8-inch backing, strengthened by iron stringers and a skin 
of two 1-inch plates. The range was 225 yards, charge 132 lbs., 
projectile 670 lbs. Both plates were pierced, and the point of the 
shot entered the rear backing 74 inches, bending the skin-plating 
back 3 inches. 

The year 1876 marks the introduction of the mammoth rifle guns, 
as on September 17th the 81-ton Woolwich gun commenced its 
firing test at Shoeburyness. The year before that Krupp had com- 
pleted his first 353-centimeter (14%-inch) gun, and shortly after the 
completion of the 81-ton gun, Krupp responded with a 40-centimeter 
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(16-inch), whilst Armstrong had completed the first 100-ton (17-inch) 
gun in June, 1876. It had been the intention to give the 81-ton gun 
a finished calibre of 15% inches, but with this diameter of bore the 
disparity in power when compared with the Krupp 354-centimeter 
sent it back to the workshop after the first firing to raise the calibre 
to 16 inches, which the extra strength of the construction permitted, 
The Krupp 141-inch weighed but # of the amount of the 81-ton gun, 
whilst the muzzle-energy of its projectile was 2} per cent. greater, 
More than this, whilst the 81-ton gun was built for the armament of 
the Inflexible, the Krupp 354-centimeter would pierce that ship’s 
armor at 2000 yards range. Although with its increased calibre, the 
81-ton surpassed the 354-centimeter, it was left behind by the 40-cen- 
timeter ; the latter gun was forced to the second place by the Arm- 
strong 100-ton, and this gun was beaten by Krupp again in the new 
model, 304-centimeter (12-inch) gun, which has a length of bore of 
35 calibres, and weighs 49 tons or scarcely half as much as the big 
Armstrong. 
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The first armor test given to the 81-ton gun was against a sand- 
wich target designed by Col. English, consisting of four 8-inch plates 
with 5-inch layers of teak between. The bolts of this target were of an 
improved Palliser type, the screw-thread being above the line of the 
shank, whilst spherical heads were screwed on each end, and the metal 
of the plate was kept clear of the shank, thus allowing a limited play to 
the plates to prevent shearing. Alternate plates were tied together 
by these bolts, there being no through bolting. Two shots were 
fired against this target with 1700 lbs. projectiles and at a range 
of 120 yards. With the first shot the charge was 370 lbs. and 
with the second 425 lbs. In the first case the point of the projectile 
actually penetrated about 25 inches of iron, or a total penetration of 
55 inches; projectile broke up and the head securely plugged the 
shot-hole. In the second shot the projectile pierced 26 inches of iron 
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and 15 of teak; but the total penetration measured from the face of 
the target was 74 inches greater than in the first case, the difference 
being caused by the greater bulge in the back of the target. The 
point of the shot was visible from the back of the target through 
cracks opened nearly 3 inches. 





Sandivich Target-@ Ton 
Gir 


A good idea of the superiority of the Prussian method of artillery 
development over the Woolwich one is furnished by comparing 
these effects with the result of a shot fired in 1879 at Meppen. The 
target in this case was a sandwich, made up of a 12-inch front-plate 
and 8-inch rear one, with 2-inch oak between. Against this, at a 
range of 170 yards, a 9}-inch Krupp gun was fired with a charge of 
165 lbs. and a Krupp steel projectile 348 lbs. The target was 
pierced and the shot took ground 3937 feet beyond the rear face. It 
was shortened three-quarters of an inch but was otherwise uninjured. 
If this shot be compared with the Glatton experiments, it will be at 
once seen that the Krupp 94-inch weighing just about half as much 
(17% tons) as the Woolwich 12-inch, is far superior to it in power. 

In designing the Inflexible it had been the intention of the English 
Admiralty to secure an ironclad that should far surpass all others, 
both in power of artillery and strength of armor. In order to get 
the necessary armor strength it was considered inadvisable to attempt 
the construction of solid plates, and as the sandwich arrangement ap- 
plied to the Dreadnought presented a strong and economical disposi- 
tion, it was introduced in the design of the Inflexible’s armor, which 
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consists of a 12-inch plate, 11-inch teak, a second 12-inch plate, 6-inch 
teak strengthened by angle-iron girders, and a skin of two 1-inch 
plates. The outer 12-inch plates keep the same thickness throughout 
the height of the redoubt, but the inner one is confined to the water- 
line strake, the others being but 8 inches in thickness (penetrable, 
therefore, by the Krupp 94-inch gun). 





Inflexible'’s Armar 


This decision with regard to the Inflexible’s armor is a most inter- 
esting feature in armor development. Simultaneously with the design 
of the ship, the Italians, possessed with the craze for building the 
most formidable vessel afloat, prepared the designs of the Duilio and 
Dandolo, whose displacement tonnages were about 1000 tons less 
than the Inflexible. In both the English and the Italian ships the 
new idea of placing the turrets in echelon was first introduced, and 
to which nation belongs the credit of the original inception never has 
been satisfactorily determined. Whilst the Italians had the smaller 
ships, they determined to outdo the English in both offensive and 
defensive power, so that almost simultaneously with the design of the 
Inflexible’s 81-ton guns at Woolwich, Armstrong received orders for 
the design of 1oo-ton guns for the Duilio. No sooner had the 
Admiralty determined upon the disposition of armor for the Inflex- 
ible than the Italians called for test-plates of 22-inch solid armor from 
all the prominent manufacturers in the world. The four best makers 
in Europe entered at once into competition, the rivalry being so much 
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the stronger since two of the firms were English and two French. 
Asa result, in the autumn of 1876 the famous Spezia experiments took 
place which completely revolutionized armor manufacture in Europe. 

Of the four firms entering into competition, Cammel & Co. sub- 
mitted one solid and one sandwich iron target; Brown & Co. sub- 
mitted two solid iron targets; Marrel et Cie. one solid and one sand- 
wich iron target, and Schneider et Cie. two solid s¢ee/ targets. 
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Four main structures or targets were built, made up as follows: No, 
1 held two 22-inch iron face-plates, 12 feet long by 4? feet wide, the 
upper one being a Cammel and the lower one a Marrel. These 
plates were backed by 29 inches of teak, with a 14-inch skin, the 
whole being supported in rear by heavy girders and beams. The 
plates were secured by 4-inch through-bolts, with countersunk heads, 
and nuts over rubber washers in rear. 

No. 2 held two 22-inch steel face-plates, both of Schneider metal, 
| of the same dimensions and with the same backing as No.1. The 
| fastenings were, however, a new departure in bolting, the bolts being 
| screwed into the plates from the rear about half-way through the 
| 








plate, and then the whole was set up with the nut and rubber washer. 
Schneider also used double the number of bolts applied by the others. 

No. 3 was a sandwich target, in two divisions, the upper part con- 
sisting of a 12-inch iron Marrel face-plate, 12-inch backing, 10-inch 
plate, 16-inch backing and 14-inch skin. The lower half was an 8- 
inch iron Marrell face-plate, 12-inch backing, 14-inch chilled cast-iron 
Gregorini plate, 16-inch backing and 14-inch skin. 

No. 4 was a sandwich target also in two divisions, the upper one 
being of Cammel iron similar to the upper Marrel of No. 3, and the 
lower one like the lower one of No. 3, except that the chilled cast 
plate was placed directly against the face-plate. 

A fifth target consisted of two 22-inch iron Brown plates arranged 
similarly to target No. 1. 

The guns used in the test were a 10-inch and an 11-inch Woolwich 
gun and the 100-ton Armstrong, full charges being used at a range of 
100 yards. 
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The first series of shots fired comprised one shot from the 10-inch 
gun against the Schneider, Cammel and Marrel plates. Shot No. 1 
struck the Schneidér plate fair and near the centre. At first no effect 
aside from a penetration of 10 inches was visible, but soon after a 
singing was heard from the plate, which continued for two or three 
minutes, during which time two cracks developed from the shot-hole, 
one running to the right edge of the plate and the other towards the 
bottom. Shot No. 2 struck the Cammel plate, penetrating 10.8 
inches and developing two cracks, extending from a bolt-hole to the 
edge of the plate. Shot No. 3 struck the Marrel plate, penetrating 
11 inches and making one crack from a bolt-hole to the edge of the 
plate. 
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The second series of shots fired comprised a single salvo of a 1o- 
inch and an 11-inch gun against the same plates that were hit before 
No. 1 salvo, against the Schneider plate: both struck about three 
feet to the right of the centre of the plate, completely dislodging a 
piece from the upper right corner, opening the cracks previously 
made and starting fresh ones. No. 2 salvo, against the Cammel plate, 
struck near its edge, the 11-inch penetrating 13 inches and breaking 
up, driving one bolt in, lifting the upper part of the plate some inches 
above the top line of the target and making a crack from a bolt-hole 
to the edge. The 10-inch penetrated 18 inches and bulged the back 
of the plate. The whole plate was driven back one inch. No. 3 
salvo struck the Marrel plate, breaking a large section completely 
out. The penetration was not as great as with the Cammel plate, and 
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the target sang quite audibly, showing that the plate was steely in its 
nature. 
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7th fire, 100 ton gun at Schneider Steel 22” plate. Plate smashed to pleces, skin opened and 
bulged, target much shaken, shot broken up, the entire target driven 8 inches hack. 


sth fire at Camel Iron 22” plate. 100 ton gun. Complete penetration. Half plate dislodged. 
Beams, knees, &c., broken. 


—— 100 ton gun at Marrel Iron 22” plate. Complete penetration, Plate knocked into frag- 
ments, 


loth fire, 100 ton gun at Schneider Steel 22’ plate. Plate already much broken, now com- 
pletely destroyed, shot head bedded in backing. 


The third series of shots fired comprised one shot from the 1roo-ton 
gun against each of the plates before attacked and one against the 
fresh Schneider plate. Charge, 340 pounds ; projectile, 2000 pounds. 
Shot No. 1 of this series struck the fresh Schneider plate, knocking 
it ta pieces and racking the backing severely, besides opening and 
cracking the skin. The entire target was driven back eight inches, 
but the shot was broken up and no part of it pierced the backing. 
No. 2 struck the Cammel plate and knocked half of it off the target. 
The projectile pierced the target, making a hole nearly four feet in 
diameter, breaking knees and beams and filling the rear with débris. 
No. 3 struck the Marrel plate, knocking it entirely to pieces and 
piercing the target. No. 4 struck the upper Schneider plate that had 
been hit by the lighter projectiles, destroying it and racking the struc- 
ture considerably. As before, however, no part of the shot got 
through the backing. 

The sandwich plates were next attacked with the same course of 
firing, with the general result that the 10-inch single shot pierced the 
face-plate. The salvo wrecked the face-plates almost completely, 
and the 100-ton gun projectile pierced the target easily. 
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The plates submitted by Brown & Co. were given the same test 
and acted about like the Cammel and Marrel plates, showing resist- 
ing qualities slightly superior to them, however. 

The official report of the Italian Commission makes the following 
statement in giving judgment with regard to the comparative excel- 
lences of the several dispositions : 

“ Amongst the many problems to be solved in making the experi- 
ments at Spezia, the most important was that relative to the merits of 
the two principal types of armor tested; that is to say, the single 
plate and the sandwich systems. The types containing cast iron are 
eliminated from comparison, for having shown relatively feeble defen- 
sive qualities they were condemned unanimously and without hesi- 
tation. 

“ Between the two types above mentioned, the remarkable advan- 
tages realized with the single plates leave no doubt as to the superi- 
ority of this disposition over the sandwich. 

“Independently of the indisputable fact that a sandwich target, 
when submitted to a relatively moderate shock, may be compromised 
in its system of fastening by the destructive effects produced in the 
interposed backing, it was determined that within the limits of the 
experiments several plates, superposed, having a certain total thick- 
ness, present relatively to a single plate much less resistance to pene- 
tration. Hence it follows that in the case where a projectile may 
not penetrate a single plate it may pierce entirely the superposed 
plates ; and in the case where the damage produced by the explosion 
of a shell would be of but little importance in the single plate, it 
might, on the contrary, be very grave with superposed plates, for the 
shell might penetrate deeply before exploding, and consequently pro- 
duce disastrous effects, like a regular mine in the frame of a vessel. 

“It being then admitted that the preferable system is that of the 
single plate, of one of the various specimens presented for test, the 
next problem to solve is the following : 

“ Amongst the single plate targets tested, which should be chosen ? 

“To solve this problem we have, on the one side, three specimens 
of iron plates, and on the other one Schneider plate. 

“In examining the qualities which go to establish the value of an 
armor plate, we give the three iron plates the following order of merit : 
Ist, Brown ; 2d, Cammel ; 3d, Marrel. 

“ But in considering that within the limits of power developed the 
defensive qualities of the three iron plates were about equal, since 
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none of them could stop the 100-ton projectile from complete perfor- 
ation, whilst the Schneider plate did succeed, the question may be 
put under a more general aspect, and the comparison may be estab- 
lished between ordinary iron plates and Schneider ones, by 
enumerating for both the advantages and the faults determined by 
the tests. 

“ If we examine, in the first place, the iron plates, we recognize in 
them the following advantages : 

“st. The smashing produced on them by impact is more localized 
at the point of surface struck. 

“2d. They behave better for relatively moderate impacts produced 
by projectiles of ordinary calibres. 

“ Against these advantages are the following faults : 

“ tst. Lack of continuity in the mass, arising from the difficulties of 
forging and rolling plates of such great thickness. 

“2d. Relatively less tenacity than the Schneider, and consequently 
less resistance to penetration. 

“3d. Absolute impossibility of preventing complete penetration 
within the limits of thickness given and power developed. 

“The Schneider plates, on the other hand, show the following 
advantages : 

“st. Greater absolute tenacity and greater certainty of obtaining 
complete homogeneity in the mass. 

“2d. More powerful means of producing plates of this metal. (This 
refers to the remarkable plant possessed by Schneider.) 

“3d. Greater resistance to penetration. Within the limits of the 
power developed the target may be depended on for protection 
against perforation. 

“On the other hand the following faults may be imputed to it : 

“ rst. A crystalline structure of an aspect almost glassy, which 
renders the plates more easy to split even under shocks relatively 
feeble, and consequently 

“2d. Greater ease of breaking in pieces and leaving the frame 
exposed. 

“This being established, in order to weigh and appreciate in a 
practical fashion the advantages and faults considered in such a man- 
ner as to deduce from them the true value of the two types to which 
the problem has been reduced, and to choose the most suitable for 
the end in view, we must examine what are the effects of a projectile 
which will do the most harm to a vessel. 
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“The preceding experiments show us that if it is specially a ques- 
tion of heavy armor plates and a powerful gun, the three following 
effects have a tendency to be made manifest : penetration, rupture of 
the plate, and demolition more or less extended, according as the two 
first injuries are more or less great. 

“If a projectile succeeds in completely piercing the side of a vessel 
an immense water-course is opened; if the breach is near the 
water-line very grave injuries are thereby caused, which, being of 
vital importance, are especially guarded against by the application of 
armor, and these injuries become still more disastrous if the breach 
be opened by a shell piercing and exploding inside. A single blow 
well directed might suffice to disable an ironclad. 

“ A projectile, on the other hand, which expended its work in break- 
ing the plate struck and smashing the backing without piercing it 
may determine leaks, but they would be of less importance, could be 
easily counteracted, and their effects be circumscribed by the water- 
tight divisions. The flying splinters which otherwise would be pro- 
duced inside the vessel would be eliminated, and although by the 
rupture of the plate hit, the backing might be entirely exposed, it is 
none the less likely that the chances would be against a second pro- 
jectile hitting the backing already exposed. 

“Tt appears then that the object which we have in view in seek- 
ing to protect the vital parts of a vessel against the power of ordinary 
guns, that is to say, to prevent perforation, is also that which suits 
best to put the vessel in the best defensive conditions against guns of 
the greatest power yet tested. 

“ Hence a vessel protected by the best iron plates tested would be 
in the conditions indicated by the first case, when it was hit by a pro- 
jectile possessing at impact an energy almost equal to that which 
within fighting ranges would be developed by the 100-ton gun; 
whilst it would probably be in the conditions established by the 
second case if protected by Schneider plates. 

“ Considering, on the other hand, the energy of guns actually used 
on vessels and in coast batteries, we may admit that a vessel would 
be thoroughly protected by either iron or Schneider plates, provided 
that the thickness was equal to that tested; but the local effects on 
the plate seem under these conditions to be most objectionable on 
the soft steel plates. 

“From this aspect the use of iron plates would, therefore, seem 
preferable, but in looking ahead to the near future we can see with- 
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out a possible doubt that this relative advantage of iron is but tem- 
porary, and consequently of a nature to expose a vessel so protected 
to shortly lose her supremacy, which in the other case is assured in 
attack. 

“ Consequently, after all these considerations, the commission has no 
hesitation in declaring and proposing as the most advantageous dis- 
position, the single plate presented by Schneider. .... We should 
prefer to use instead of the through-bolts the screw-bolts proposed 
by Schneider.” 

This judgment of the Italian Commission was severely criticized 
by the English press, and much capital was made of the singing, 





Dutlive Armor: 


cracking and complete breaking up of the Schneider plate, notwith- 
standing the indisputable fact that two successive shots from tie 100- 
ton gun had failed to pierce the steel target, while all three of the 
shots at the iron targets had punched clear holes over four feet in diam- 
eter through them. It was true that the Schneider plate did not 
behave as well under the impacts of the 10 and 11-inch guns as the 
Cammel, but whereas these guns could not destroy the plate except 
after a great number of single shots or a very heavy salvo, thus 
modifying in a great degree its weakness in this respect, it was proof 
against any single shot from the 100-ton gun, which was not the case 
with the iron plate. Opinions with regard to this series of tests 
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seemed to be formed in the United States from the expressions of 
English daily journals which unhesitatingly condemned the Schneider 
plate, but this was not the opinion of English artillery experts, who, 
whilst pointing out the weaknesses of the plate, proceeded at once to 
benefit from the lessons taught. The armor chosen for the Duilio 
was acknowledged to be stronger than that of the Inflexible. Orders 
were at once issued for the manufacture and test of English steel and 
compound plates, which heretofore had given but moderately suc- 
cessful results. A new departure in armor manufacture was at once - 
commenced, and as a result, the iron plates ordered for the turret of the 
Inflexible were put aside for compound plates which should more nearly 
retain the balance of power between the two vessels. In 1877 com- 
pound armor, from being comparatively unknown, had become popu- 
lar; in 1878 it had become as it were the rage, and in 1879 iron armor 
had ceased to be recommended for English ironclads. 

Much stress has been laid upon the matter of the revival of the 
racking and punching theories by these experiments, but the question 
rests upon an altogether different standpoint from that originally given 
it by the early wrought-iron tests. In the old times, the iron was 
poor in quality and of a brittle, hard nature. 

As the quality of the metal advanced, or rather as the skill in iron 
manufacture increased, racking effects decreased, but penetrating effects 
did not increase. At Spezia, the Schneider plate was an excellent 
piece of metal, and it was really quite as sof¢ as the iron plates, 
although its tenacity was much greater. Captain Orde Browne, 
R. A., in a lecture on armor, makes the following assertions with 
regard to the Schneider plate: 

“There, steel had proved its incapacity to resist the fire even of 
small guns. Its remarkable property was, that in the act of going to 
pieces (which it invariably did), it had the power of absorbing the 
shock of a projectile which, according to calculation, ought to go 
through it easily. It was its remarkable power of distributing into 
its mass the shock of impact that stopped the shot and constituted 
the plate’s power of resistance. On the other hand, armor that goes 
to pieces so readily under all circumstances by racking is of course 
open to grave objection.” 

Issue is taken with these remarks: 1st, with regard to the power of 
the steel to absorb energy in going to pieces. This is directly con- 
trary to the laws of cause and effect. It is the projectile energy 
which has been transferred to the plate that causes it to go to pieces. 
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Its power to absorb energy is very small in the act of breaking com- 
pared with what it is while intact. Taking any corresponding 
shots on the steel and the iron plates, it is found that both had the 
same striking energy, and in both (taking the 10-inch single shots for ex- 
ample) this energy was completely destroyed in the projectile by the 
plate itself. The great penetration into the steel plate showed it to be 
soft in nature, so that the claim of brittleness cannot be made as it could 
in the early days of iron. The penetration was less in the steel than in 
the iron, therefore, under the supposition (which is true) that the pro- 
jectiles were equal in strength, the racking effect on the steel must be 
greater than on the iron. This greater racking effect was mainly 
caused by the superior tenacity of the steel offering its greater resistance 
to tearing open. In the iron plate, the tearing commenced quickly 
and so followed a few lines of fracture. In the steel it commenced 
late, so that many lines were started at once as a greater extent of the 
armor was brought up to and past the tensile limit at practically the 
same time. The steel by no means goes fo pieces readily under all 
circumstances. ‘This was the case with the early iron, and was due 
to defects of workmanship and brittleness. If Captain Browne’s 
argument be followed to a logical conclusion, and it be assumed that 
the hardness of the steel be increased whilst its other properties 
remain the same, then the same blow would shatter the plate much 
more, unless of course it be argued that the act of shattering absorbs 
energy, which cannot possibly be the case. In point of fact, however, 
in the experiments at Spezia in 1882, one of these Schneider plates 
having quite the same tenacity as the other one, but being very hard, 
received a projectile from the 100-ton gun with almost absolute im- 
punity. The racking effects were all there as before, but before the 
strain could bring the many particles of the steel past their tensile 
limit, the hardness of the material had caused the energy to react 
fully on the shot itself and to be expended in breaking the shot 
instead of the plate. 

It seems then more rational to attribute to steel the greater znherent 
resisting powers, and whatever defects the first Schneider plate may 
have shown, it seems indisputable that it exhibited powers of resist- 
ance that when properly developed would carry it far in advance of 
any description of wrought iron. This fault of going to pieces can 
be clearly made against steel proper such as is used in trade generally, 
which possesses a higher percentage of carbon and is capable of taking 
a high temper. Such material always has been and always will be 
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inferior to wrought iron as armor, and for the reason that Captain 
Browne states, that it goes to pieces readily; but with what are 
known as steel armor-plates, made of a very mild quality of steel, the 
argument will not apply at all. 

In reviewing the period of the development of iron armor, from 
the date of the introduction of the rifle into the naval service as a 
substitute for the smoothbore, to the absolute end of iron develop- 
ment as determined by the introduction of the 100-ton gun, the fol- 
lowing salient features are made plainly evident: In 1861, the armor 
disposition represented by the Warrior targets was actually invul- 
nerable to all existing artillery, whether rifled or smoothbore. In 
less than two years from that time, the American 15-inch smopth- 
bore and 8-inch rifle and the European 7- and 8-inch guns had 
destroyed the power of the 44-inch plate. The attempt in the Mino- 
taur disposition to increase the thickness of the plate whilst retaining 
the weight per superficial foot of target, the same as in the Warrior, 
proved a failure. The invention of Chalmers, consisting of intro- 
ducing stringer plates in the backing, gave a new factor of resistance 
to armor, and, at the same time, the possibilities of manufacture ad- 
vanced from 5 inches to 54, thence to 6, and by 1867, good results are 
obtained with 8-inch plates. Meanwhile, the test of the Lord War- 
den and Flandre targets proved, beyond all dispite, the absolute 
necessity of stringer plates in the backing. With the Hercules tar- 
get, armor development passes the guns and holds its own for a short 
time, but before the ship can be fitted out for her first cruise her 
invulnerability is gone. The limit in thickness of iron plates which 
the manufacturer can make with certainty halts at 12 inches, whilst 
the rapid development of gun-power demands far greater thickness. 
For a time, it is thought that the plate upon plate system will offer a 
solution of the difficulty ; but, in application to vessels, the disposi- 
tion is found to be impracticable, and a forced resort is had to sand- 
wich armor. With this it is hoped to secure invulnerability, and the 
Inflexible is for a time regarded as a ship perfect in defence. Her 
side-armor is put in place with confidence, but scarcely is the last 
bolt driven when the roo-ton gun, speaking from the Spezia firing- 
ground, declares the day of wrought iron to be past. The Eng- 
lish find out, too late to remedy the defect, that their own manufac- 
turers could produce 22-inch solid plates superior to the sandwich 
armor of the Inflexible, although the steel plates of the Duilio were 
even superior to the solid plates. Again had an invulnerable ship 
been laid down, and been beaten before she could be launched. 
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V. 
STEEL AND COMPOUND ARMOR, 


Although the Italian ships Duilio and Dandolo, whose armor was 
ordered in 1877, were the first ironclads of any account that were 
protected by armor of a different material from wrought iron, the 
commencement of the development of both steel and compound 
armor dates back as far as 1857, if not earlier. That material which 
in armor-plate manufacture is now called by the general term of steel, 
was, until a few years ago, divided into two classes, called respectively 
steel and homogeneous metal. The class recognized as steel con- 
tained scarcely ever less than one per cent. of carbon,—sometimes, 
however, falling as low as three-quarters of one per cent., and the 
metal was practically distinguished by its power of receiving a tem- 
per, combined with very high tensile strength and elasticity. The 
name of homogeneous metal was given to a description of metal fall- 
ing between steel and commercial wrought iron, which, although 
known of and used for centuries, first received its distinct commercial 
classification from a patent issued to the English firm of Shortridge 
& Howell, shortly after the introduction of Bessemer steel. It con- 
tained from } to ¢ of one per cent. of carbon, and, whilst it would not 
take a decided temper, thus falling out of the early category of steel, 
and possessed the faculty of sustaining bending and twisting strains 
like wrought iron, it had a much higher tensile strength and elasticity 
than that metal. As knowledge developed with regard to the finer 
points of distinction between steel and wrought iron, this metal came 
to be known as semi-steel, and finally, as its good qualities became 
developed, as mild steel. This is the description of metal of which 
what are now known generally as steel armor-plates are made, as well 
as the facing of compound plates, and it is necessary in tracing the 
development of these armors to keep in mind the distinction between 
what were termed steel plates in the early days and those of the 
present time. 

In 1857 the Woolwich authorities invited English iron-workers to 
submit both iron and steel plates for test by heavy guns. A Mr. 
Begbie, who had invented an especial method of producing plates 
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from puddled steel, submitted a number of 2-inch plates, which broke 
up badly under the 68 pdr. During the experiments a test was made 
against a 4-inch iron plate, over which was fastened a 2-inch steel plate, 
the whole being bolted to a 24-inch backing ; and it was found that the 
68 pdr. wrought-iron shot could get through the combination at a 
range of 400 yards. The general test was considered to have shown 
that steel was quite unfit for armor. 

In 1859 the Mersey Iron Works submitted a number of 23-inch 
plates for test which were made up of three layers of equal thickness, 
the outer ones being of wrought iron we/ded to a centre layer of steel. 
These plates proved to be quite poor, as the welding was very imper- 
fect, and the brittleness of the layer of steel affected the other layers. 
A number of 3-inch puddled steel plates were tested at Portsmouth 
the same year, and although the penetration of the 68 pdr. was con- 
siderably less than with iron plates, they broke up badly. 

In 1861 an extended and important series of tests was made by the 
“ Tron Committee” with wrought iron, homogeneous metal, and the 
above-mentioned Mersey compound plates. Howell & Shortridge’s 
metal and the Mersey combination proved to be very poor and took 
rank last in the scale of efficiency. During this period (1857-61) a 
long series of experiments with steel had been carried on at Vincennes, 
in which all the prominent continental iron-workers were brought into 
competition. Krupp, Begbie, Petin et Gaudet, and the manufac- 
tories of Allevard and Bochum were represented ; but invariably the 
steel was found too brittle to be of service, and apparently the French 
condemned it, as for a number of years after 1860 no notable experi- 
ments were carried on. It has been stated in a former chapter that 
in the earlier years of armor development French wrought-iron plates 
were superior to English ones. It was very generally believed in 
England that French plates were not in reality pure wrought iron, but 
that they contained a steel centre layer, and it was almost solely on 
this account that the Mersey Iron Works made repeated efforts to 
manufacture acceptable armor of this kind. It was afterward found, 
on submitting French plates to chemical analysis in England, that 
the percentage of carbon was, if anything, lower in French than in 
English plates, the superiority lying principally in the greater perfec- 
tion of manufacture. 

In the evidence of the witnesses called before the English Iron 
Committee in 1861, the advantages of compound and steel armor 
appear to be abundantly set forth. It was the general opinion that 
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the best avaz/ad/e material for armor plates was the softest wrought 
iron; but many of the prominent witnesses, as well as the committee 
itself, did not consider by any means that this metal furnished the final 
solution of the question. Thus, in the evidence of Mr. Bessemer is 
found the following : 

“ Question by committee. It has occurred to the committee as 
well worthy consideration, whether a perfectly ductile iron could not 
be combined with a certain thickness of steel on the exterior to resist 
the force of impact in the first instance, and yet retain all those pro- 
perties which you now describe with regard to its toughness. 

“ Answer. I believe that would be a very valuable modification of 
the metal, and I think it is quite capable of being produced; indeed, 
I have contemplated its production for two or three special articles, 
such as the manufacture of anvils, with which | need not trouble you. 
To return to your question, if we convert in two separate vessels 
four or five tons down to a state of the softest malleable iron, and con- 
vert four or five tons to the state of soft tough steel, or steel approach- 
ing ordinary steel in hardness, there would be no difficulty in allowing 
the metal to flow from one of those vessels into a cast-iron mould; 
the solidification takes place so soon that the upper surface would 
remain only a small puddle some four or five inches in depth; if, 
immediately you have got the whole of this tougher metal in the 
mould, you commence to pour the harder metal upon it, there will 
be a point of union between the two in which the soft metal would 
imperceptibly pass into the harder quality, and filling up the mould 
to the required depth with a harder metal would give you a mass 
when hardened, the upper stratum being of the harder quality, 
which you require, and the lower the softer quality, the two not 
being united by any welded line, but by the two qualities gradually 
and imperceptibly passing one into the other, so that there would be 
no likelihood of separation or of any violent strain from difference of 
expansion and other circumstances of that kind; it would be a per- 
fect union and not a weld.” 

Mr. Lancaster stated that the best armor plate should consist of 
three layers made in the piling; the outer surface should be of soft 
iron, and the inner, or core of the plate, of steel, or like hard material, 
and the innermost portion should be tough fibrous metal. 

Mr. Menelaus considered that the best material to use would be 
semi-steel, produced by the puddling process, or a mixture of steel 
or semi-steel coated with soft, tough iron. 













466 DEVELOPMENT OF ARMOR FOR NAVAL USE. 


Colonel Lefroy was opposed to steel for armor, but considered 
homogeneous metal as the best. 

From these opinions it is seen that even in these early days 
of armor development, and notwithstanding the excellent results 
already obtained from wrought-iron plates, other metal was consid- 
ered to be better. Some advocated homogeneous metal throughout 
(or the present steel armor), others preferred a combination of the 
semi-steel and wrought iron. In some cases it was thought that the 
different metals should be welded, and in others that it should be 
combined; either on the plan suggested by Bessemer, or by oil- 
tempering the faces of plates and annealing the backs. Some preferred 
the iron part in front, some in the centre and some at the back. 

In January, 1863, Shortridge & Howell submitted a test-plate, 
which was called a “compound” plate in the report of the Iron 
Committee. This was manufactured in the following manner. A 
number of iron bars, heated to a welding heat, were placed up- 
right in a mould and well sprinkled with a flux to remove cinders ; 
the mould was then filled with molten homogeneous metal and the 
mass was worked under the hammer to a 24-inch plate. In this way 
the plate was what might be called in streaks of iron and steel instead 
of in layers. The plate was tested with the Armstrong 4o pdr. at 
100 yards, and the report on the experiment states that “ The plate 
was an improvement on former plates (made entirely of homoge- 
neous metal) supplied by Messrs. Shortridge & Howell, but this is 
probably due to the wrought iron bars forming the core of the plate; 
the committee, however, do not consider the plate equal in its power 
of resistance to a good wrought iron plate of the same thickness.” 

Amongst the armor proposals submitted to the committee was one 
by a Mr. Cotchette, as follows: “‘ Upon an armor-plate, say 3 inches 
thick, weld a surface of blistered steel ¢ of an inch thick; or ‘con- 
vert’ to a depth of ¢ of an inch, the face of an armor-plate 3} inches 
thick, the plates being subsequently passed through a pair of rolls 
for consolidation and to reduce the blisters. The face of the plates 
could then be hardened.” 

In March, 1863, a compound plate was submitted for test at Shoe- 
buryness by a Mr. Russ; it being made up of a 3-inch soft iron 
plate, faced with 14-inch steel welded on. A single shot from a 40 
pdr. Armstrong broke it in two. 

In 1864 an extensive series of experiments was carried on in 
Russia with guns, projectiles and armor, and amongst the plates pre- 
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sented were samples of steel from the Thames Company, Brown & 
Co., The Parkgate Company, and Petin et Gaudet. One of these 
44-inch steel plates was tested with a 68 pdr. smoothbore by firing 
three shots equally spaced along the middle horizontal line. The 
penetration was found to be less than with wrought-iron plates, but 
when the plate was removed from the target it was found that 
directly in the rear of the points struck it was broken in several 
pieces, besides which there was a through-crack the entire length. 

Mention has been made in a former chapter of the great difference 
of effect produced by projectiles of any given size, shape and weight, 
but differing in material. Fairbairn, it will be remembered, classed 
the efficiency of cast, wrought and steel projectiles in the ratio of 
1to2:6to 3. In 1866 the Palliser chilled projectile was introduced 
in England, and about the same time the Gruson chilled projectile 
appeared in Prussia. In spite of the many shortcomings of the first 
shot, they were found to be fully equal to the steel ones then used in 
penetrating power and were soon developed to a superior position. 
The great objection to the steel shot had been its great cost, but the 
chilled projectile completely overcame this drawback ; the increased 
penetrations obtained forced a decided increase in the thickness of 
wrought-iron armor; to so great an extent in fact as to surpass the 
carrying power of ironclads of from 6000 to 8000 tons displacement, 
which was the average size considered as best for the fighting, sea- 
going ships. In order to meet the new difficulty, which bid fair to 
strip ironclads of their armor, it was determined in England in 1867 
to make another trial of iron and steel combined; thus showing that 
the opinion was still held that true development lay in this direction. 
Invitations were sent out to the prominent English iron-workers to 
submit plates for test, and a good response was met with. The first 
firm to appear was Cammel & Co., who submitted in March of that 
year a 7-inch plate composed of alternate layers of iron and steel 
welded together. This plate was submitted to a test with the 68 pdr. 
and the 7-inch rifle, and it showed a resistance scarcely equal, in so far 
even as penetration was concerned, to good wrought iron, and broke 
up rapidly in all directions. The result of the combination showed 
all the faults of both iron and steel without any of their benefits. 
Two months later, the other firms having responded, a series of tests 
was made with a number of 7-inch plates, using the 7-inch Woolwich 
rifle and Palliser projectiles at a range of 70 yards. The plates were 
made up as follows: 
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A—Cammel & Co.—4}-inch iron faced with 23-inch steel. 

B—Cammel & Co.—3-inch steel centre plate with 2-inch iron face 
and back. 

C—Cammel & Co.—Four welded plates of alternate 1-inch iron 
and steel. 

D—Cammel & Co.—A< single 7-inch iron rolled plate. 

E—Brown & Co.—4-inch iron, faced with 3-inch steel. 

F—Brown & Co.—Similar type to plate B. 

G—Brown & Co.—A single 7-inch iron rolled plate. 

H—Mersey Company—A single 7-inch iron rolled and hammered 
plate. 

The results of the firing classified the plates in the following order of 
merit. H, D, A, G, E: with B, C and F about alike and inferior to 
the others. Two points in these tests deserve special attention: Ist. 
the high position of the A plate in the classification, which scored 
the first success for a compound plate: 2d. the fact that all the 
plates faced with wrought iron failed completely. No especial im- 
portance was at the time attached to this latter result, but, as will 
appear, it proved to be a most important point, shedding great light 
upon the action of projectiles on armor and developing a most 
curious fact in this connection, 

In 1874 Sir William Armstrong experimented with a new style of 
steel plate, the experiment and result being spoken of as follows by 
Mr. Stuart Rendel, who was then attached to Armstrong’s establish- 
ment, and who now is a member of the Admiralty: “ Armstrong 
having observed the great increase in the tenacity of steel caused by 
oil-tempering, made and tested an oil-tempered plate. Preliminary 
statical experiments, made with test-pieces from this plate, gave to it 
qualities of hardness, ductility and tenacity much superior to wrought 
iron, independently of the other advantages possessed by steel ; but 
when this plate was submitted to the firing test it was cracked by the 
first shot and broken to pieces by the second. 

“Inexplicable as the fact is, it proves that steel resists a statical 
pressure better than iron ; but, on the other hand, it offers much less 
resistance than iron to impact, notwithstanding the fact that it shows 
a remarkable ductility under ordinary tests. Therefore, steel is in- 
ferior to iron for certain special uses, aside from its defects of blow- 
holes and faults which forging will not completely remove from it. ... 
None of our vessels of war have been provided with steel boilers. It 
is superfluous to add that none of them have received steel armor.” 
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This oginion was rendered by one of the highest authorities on 
metal-work in Great Britain, and yet within a year from the date of 
its emission, steel armor had fairly beaten wrought iron, at Spezia, in 
the most severe test to which armor had been submitted up to that 
date. Within two years steel boilers had been designed for English 
war-vessels, and within six years Rendel himself was engaged in 
building a steel war-vessel, with steel boilers and steel deck-armor. 
There is not the slightest doubt that Mr. Rendel had what appeared 
to be the most positive practical evidence in favor of his assertion of 
the limited applicability of steel ; but had he weighed carefully the 
evidence of the rapid development of steel manufacture in all branches 
of construction since the time when Bessemer’s invention had brought 
the cost of production within practical limits, he would scarcely have 
implied quite so sweeping a condemnation. 

In 1876 the experiments at Spezia took place, which resulted in the 
first decisive victory of steel over iron, and at this point it is necessary 
to again call especial attention to the nature of this steel. The plates 
of the Spezia target were made of what was called “Schneider 
metal,” and it was described as being steely iron. In point of fact, 
leaving out of consideration the especial method of fabrication, which 
only developed to a high degree the inherent qualities of the metal, 
these plates were simply homogeneous metal, or semi-steel, or mild 
steel,—according to the local distinction given to the still unsettled 
classification. The plates deserved to be called by the distinct title of 
Schneider metal just as the distinction is made between Bessemer 
steel and Siemens-Martin steel, the expression denoting more a 
distinction in method of manufacture than in absolute chemical con- 
stitution. Turning for the moment from armor construction to ship- 
building, it will be found that at this time the same indistinctness was 
evident in the classification of metal for ships and boilers. Authori- 
ties in iron-working will be found at this time insisting that those 
plates containing a very limited percentage of carbon were not steel 
at all, but only a species of wrought iron. On the other hand, the 
steel enthusiasts will be found insisting that the metal was purely 
steel. As finally determined, the metal was called steel, and many 
of the arguments with regard to the Spezia experiments will be found 
erroneous, simply from the fact that as one side or the other called 
the plates steely iron or mild steel, they lost sight of the fact that the 
metal stood at the boundary between iron and steel, and they rea- 
soned from absolute qualities belonging exclusively to one of the two 
distinct types. 
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The Schneider metal was of a very soft descriptign, as was 
evidenced by the deep penetration of all the projectiles which struck 
the plates ; corresponding in this respect quite closely with the pene- 
trations into the iron plates. Of all the reports and arguments 
written with regard to these experiments, the official report of Lieu- 
tenant Pecci, of the Italian artillery, seems to approach closest to the 
actual facts of the working of the projectiles. His argument was, 
that in all experiments previously made on wrought-iron plates, the 
thickness was such, that the energy, or rather the factor of velocity 
was sufficient to carry the projectile through the plate without either 
splitting it or tearing it from the target. In the Spezia trials, how- 
ever, the new element of great thickness was introduced in all the 
plates. An examination of the fragments of plate, and of the targets 
themselves, showed that there was really no complete perforation of 
the Schneider plates, and probably not of the iron plates either, by 
the projectiles from the roo ton gun. Penetration seemed to stop at 
a certain depth of plate, but in all cases the latter was broken in 
pieces and torn from the target. The fragments of steel were many 
and the backing was not pierced, whilst the fragments of iron were 
few and the backing was pierced. The effect of the projectile then, 
generally speaking, consisted of, 1st, a penetration similar to that 
produced in plates of less thickness ; 2d, a rupture of the plate, due 
either to the wedge-like action of the projectile, or to the molecular 
actions set up by the violent shocks. The plate must then oppose, 
Ist, a resistance to penetration which, for a given instant of penetra- 
tion, where the projectile has still a given velocity (at least within 
certain limits), is an increasing function of the guantity of penetration ; 
2d, a resistance to rupture which, for a given penetration and a given 
velocity, is a function of the tenacity of the metal and of the position 
of the point of impact relatively to the exterior contour of the plate. 
When at a certain moment of penetration, while the projectile still 
possesses a considerable energy, the rupturing effect becomes greater 
than the penetrating, the plate breaks and a part or the whole of the 
force of the shot is absorbed in this work. If but part of it is ab- 
sorbed the projectile still acts on the backing; if all of it goes, the 
backing remains intact. 

The results of these experiments created a great stir in English 
professional circles, and the development of compound armor, which 
had heretofore been carried on by a few manufacturers with but 
little encouragement, became suddenly forced upon the Government. 
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The opponents of steel, who had previously considered in their dis- 
cussions only the hard-tempered material, had their eyes opened to 
the fact that it would no longer do to split hairs over a name. This 
material had suddenly become to England a most disagreeable fact, 
and whilst it might still be left to scientific societies to squabble over 
the terms homogeneous metal, semi-steel, mild steel, and Schneider 
metal, it behooved those upon whom the responsibility of develop- 
ment rested to work it up immediately. Early in 1877 the Woolwich 
authorities invited the submission of steel and compound plates for 
test at Shoeburyness, and in August of that year the first of what are 
now known as compound plates was tested. 











First Cammet Compound Plate. 


It was submitted by Cammel & Co., and had been manufactured 
under the patent of Mr. Wilson, the superintendent of that firm. The 
plate was made up of 5 inches of iron, with an additional 4-inch face 
of steel. Instead of following the earlier practice of making the two 
plates separately and then welding them together, the iron plate was 
first rolled, then raised to a welding heat, and the molten steel for the 
face was poured on top. The great heat of the molten metal partially 
fused the iron contact-face and thus joined the two metals without 
welding, although the plates were put through the rolls almost im- 
mediately; thus combining the whole mass thoroughly. 
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This plate was tested with the 7-inch rifle at 25 yards range witha 
Palliser projectile. The depth of penetration was but 3% inches, whilst 
if the plate had been of iron it would have been fully 8 inches. A 
patch of the steel face was also knocked off, presumably by a piece of 
the projectile after it broke up. Radiating cracks were found around 
the point of impact, but they were only the depth of the steel face, 
the iron part being uninjured. This result far surpassed all expecta- 
tions and steps were at once taken to develop the system. In Decem- 
ber, 1877, a competitive test (now generally known as the first Nettle 
experiments) took place with plates of 9 inches thickness, of various 
fabrications. They consisted of: 

















1st. A Whitworth steel plate, untempered, and reinforced in a pecu- 
liar way by being, as it were, pitted with plugs of very hard steel, 
inserted in the plate after it was finished. Wherever bolts were in- 
serted the holes were bored through these plugs. 

2d. A subcarburized Cammel steel plate (a new name for the mild 
steel) containing ;, of one per cent. of carbon. 

3d. A Cammel compound plate made up of a steel plate 6} inches 
thick, with an iron face-} inch and an iron back 13 inch. In this case 
the plates were plain welded together, the steel one containing 7 of 
one per cent. of carbon. 

4th. A Wilson compound plate of the new method of manufacture, 
made up of an iron plate of 4 inches, with a 5-inch steel face contain- 
ing y's of one per cent. of carbon. 

5th. A g-inch wrought-iron plate of the best manufacture, which 
served as the standard of comparison. 
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Three shots were fired at each plate with a 9-inch rifle at a range 
of 10 yards, with the following results : 

Plate No. 1.—None of the projectiles pierced the plate. The head 
of the shot in every case remained imbedded in the plate, so that the 
actual penetration could not be measured. It was estimated at not 
over 4 inches. Each shot developed cracks on the plate which were 
opened out by the succeeding ones. At the last shot one of the 
plugs was thrown out. 

















Solid Steel Plate —"Subcartnarined’, 
Cammelts Patent’  9'Gu7!9«P thick: 


Plate No. 2.—Same effect as with the Whitworth. The penetra- 
tion varied from 2 to 7 inches. Cracks were developed, but no part 
of the plate was knocked away. 

Plate No. 3.—Same effects as the preceding, but the plate was 
opened more in the cracks. One of the upper corners was knocked 
completely off the target. Penetration almost the total thickness of 
the plate. 

Plate No. 4.—The first projectile penetrated so deeply that its base 
was 1? inches beyond the front face of the plate. It was estimated 
that the total penetration was about 24 inches. The plate was thus 














474 DEVELOPMENT OF ARMOR FOR NAVAL USE. 




















Combined [ron and Steel Plate. 
Hard Steel between two layers of Iron Armor Plate, A, Wilson's Patent, 
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entirely pierced, together with a considerable part of the backing. 
Radiating cracks were started about the shot-hole. The second shot 
stuck in the plate without piercing it, producing several serious cracks, 
These results were so unsatisfactory that the third shot was not fired, 
the steel seeming to be of bad quality. 

Plate No. 5 behaved in the manner customary with good iron 
plates: the three projectiles pierced it completely without starting 
any cracks at all. Two of the projectiles were checked up well by 
the backing, but the third got well in, giving a total penetration of 
about 224 inches. 

In these experiments the Whitworth was at a disadvantage, as it 
was smaller than the others and was not manufactured in accordance 
with Sir Joseph’s desires. It was made from a solid ingot hammered 
to shape, his intentions having been to have cast a hollow cylinder of 
fluid compressed steel, cut it through and opened it out, and then 
tempered it in oil. Even with these drawbacks, however, it stood 
well up to its work, and came out a clear No. 1 in order of merit. 
The subcarburized plate took a good second place in the contest, in 
spite of its horrible name. In this test, the first one ever made where 
steel and compound plates of the new development were tried in 
competition, the steel ones were victorious. 

In February, 1878, this series of experiments was continued with 
two compound plates furnished by Brown & Co. The mean penetra- 
tion of three shots into one of the plates was 10 inches, the plate 
showing twelve cracks, some of which extended clear through the 
plate. The two first shots on the second plate gave a mean penetra- 
tion of g inches and started cracks; the third shot knocked a large 
piece of the plate completely off the target. Both plates were bulged 
at the back about 8 inches. 

Shortly afterward two other compound plates were submitted by 
Brown & Co., made under the patent of Mr. Ellis, the Superintendent 
of that firm, which differed from the Wilson patent in several particu- 
lars ; the principal of which were, that Bessemer steel was used instead 
of open-hearth, and the molten steel was run on the iron plate while 
the latter was in its heating-furnace instead of after it was withdrawn. 
The face of one of these plates was hard and that of the other was soft. 
The shots on the soft plate penetrated 12 inches, starting several 
cracks, most of which were only the depth of the steel face. The 
penetration into the second plate was 11 inches, making deeper 
cracks than the first. At the last shot a piece of the plate was 
knocked off the target. 
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In May, 1878, Cammel & Co. submitted two stee/ plates (9-inch), 
one being oil-tempered and the other of soft steel. The oil-tempered 
plate broke down at the second fire. The first shot on the soft plate 
penetrated 7 inches and split it from one side to the other. The two 
other shots pierced it completely. e 

Next a Cammel g-inch compound plate was tested, five shots being 
fired at it instead of three, as heretofore. Of the three first shots, but 
one barely pierced to the backing, and the cracks were quite super- 
ficial ; the fourth, fired at the centre of the triangle formed by the pre- 
vious impacts, broke the plate into two sections. Finally, the fifth 
shot completed the destruction of the target. 

Shortly afterward, Whitworth submitted a new steel combination 
formed of a series of hexagonal sections, each one composed of con- 
centric rings surrounding a circular central disc, the whole being made 
of fluid compressed steel. By this disposition he proposed to stop 
the long cracks, limiting them to the individual discs struck by the 
shot. The 9-inch plate of this system was tested with a 9-inch gun, a 
single shot being fired. This shot was broken to pieces without pro- 
ducing any other effect on the target than to make an imprint 14 
inches deep and 8 inches in diameter. The disc struck out was not 
cracked and the rear of the target showed no signs of weakness, 
This test was officially declared to have demonstrated the excellence 
both of the disposition and of the Whitworth compressed steel. 

Reference was made in the last chapter to a lecture delivered by 
Captain Browne, R. A., on armor, and as in that lecture reference 
was made to the results of the “ Nettle” experiments, it is quite per- 
tinent to quote from the conclusions drawn, as they expressed the 
opinion prevailing at that time in England with regard to compound 
armor, and which it is believed is still the opinion of perhaps the ma- 
jority of those interested in the development of armor. Captain 
Browne says: 

“ The question naturally arises whether the peculiar properties of 
the compound plate may not be sacrificed by the natural tendency to 
prevent cracking by softening the steel and so compromising the char- 
acter of the target. The best idea seems to be that of a hard steel 
surface which will crack to pieces, but is prevented from actual sepa- 
ration by adhesion to a thickness of wrought iron sufficient to hold 
together. The problem to be solved is, how best to find a harmless 
form for the work done to take. If it could be proved that a given 
quantity of work stored up represented actually a smaller injury in 
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one kind of metal than another, then so much would be gained ; but 
a claim of this kind has scarcely been attempted to be made for steel 
on any results achieved. The hope is rather to force the work to 
take some form which the target may bear than to decrease the injury 
jn actual quantity. When it is considered that the blow of the shot 
of the 100-ton gun represents an amount of work stored up which is 
sufficient to lift a turret weighing 300 tons to a height of 78 feet, it will 
be seen how difficult it is to provide for the absorption of so vast a 
shock.” 

It is undoubtedly true that an attempt to prevent the cracking of a 
steel plate by softening its surface would compromise the character of 
the armor seriously, as will be shown by example farther on. But it 
is believed that this cracking was treated erroneously by the English 
experts at this period. Captain Browne asserts that it is best to accept 
the hard steel surface that will crack to pieces. This certainly isa 
dangerous doctrine—to assume that w7th mild steel such an evil must 
be accepted. The Whitworth steel plates already mentioned cracked 
inuch less than any of the compound plates, and the very slight pene- 
tration in the last case showed a great surface hardness. It would 
seem that since practice had shown that hardness in mild steel was not 
necessarily accompanied by great brittleness, the best line of develop- 
ment is /o accept the hard steel surface that will not crack to pieces. 
The moment that this point is reached the necessity for the wrought 
iron accompaniment ceases, Captain Browne holds that a given 
quantity of work stored up does not actually represent a smaller in- 
jury in one metal than in another, which is equivalent to saying that 
the difference in penetration into wrought iron and steel armor is 
exerted and shown in the cracking or racking of the target. This is 
certainly the ¢endency, but by no means the actual effect. In the 
Spezia trials it may have been the case, but the evidence of the Whit- 
worth trials upsets that theory, for not only was the penetration less, 
but the whole racking effect was less also. He states that it is the 
hope to force the work to take some form which the target may bear 
rather than to decrease the injury in actual quantity. This assertion 
is not borne out by experiment either, for from the very beginning it 
was sought to decrease the injury in actual quantity by forcing the 
energy to work destructively on the projectile instead of the target. 
It was this reduction which forced cast-iron and then wrought-iron 
projectiles out of use, and to-day steel projectiles are forcing chilled 
ones out on the same principle. The confusion still existed as to the 
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respective characteristics of mild and true steel. The latter had 
proved repeatedly that it could not be hardened without jeopardizing 
it on account of brittleness, but mild steel can be hardened without 
increasing brittleness to a dangerous extent. Whitworth metal has 
repeatedly shown to what a high degree surface-hardness and tenacity 
combinéd may be carried. Other methods of steel manufacture have 
not as yet reached this high condition of development, but it is within 
the limits of possibility ; and experiments on steel armor show a con- 
stant although slow approach to the desired end. 

In 1878 a comparative test was made of the effects of projectiles 
fired against the face and then against the back of a compound plate. 
It was found that when the chilled shot struck the face of a plate it 
was smashed to pieces, with but a slight penetration; whilst when it 
struck the iron back it pierced the plate completely. This astonishing 
result gave rise to innumerable theories; and since in looking back 
at the results of experiments made before, it was found that plates 
faced with iron had invariably been pierced, another experiment was 
tried by taking a compound plate and attaching to it a thin wrought- 
iron plate over the steel face. It was found that the addition of the 
plate enabled the shot to get considerable increase of penetration. 
Another test was then made by putting an iron jacket over the point 
of the shot, which gave the same result of an increased penetration. 

Of all the ideas expressed on this subject the most reasonable seems 
to be that which attributed the phenomenon to the support given to 
the shoulder of the projectile by the surrounding medium; which, 
although checking penetration to a degree, gave still more aid to the 
cohesive force of the molecules of the shot, enabling them to work 
together and concentrate their energy on the point. From this it 
would seem, as just stated, that the true development of armor was 
in the direction of hardening the face, in order to make the energy of 
the projectile work destructively on the shot itself, and by breaking it 
to pieces*so enlarge the area upon which the energy acts that the 
metal of the plate can support the shock. On the other hand, the 
true development of the shot is to substitute steel for chilled iron 
in order to get a metal that can better resist a sudden shock, and 
then to lengthen the point by striking the contour of the head witha 
longer radius in order to get a form which enables the rear of the shot 
to act to greater advantage on the point. In point of fact, this is the 
actual development of to-day. The faces of armor plates are growing 
harder, whilst the liability to crack is not increased, and steel projec- 
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tiles are now replacing chilled ones, whilst the radius of the ogive of 
the head has increased from 14 diameters to 2 and even 2}. 

In April, 1878, a very complete series of experiments was carried 
on at Shoeburyness to test the comparative excellence of chilled-iron 
and steel projectiles. The g-inch gun was used and the targets were 
unbacked 12-inch wrought-iron plates, which on this occasion were 
hung on trunnions. It was found that at every shot the plate was 
thrown completely out of its seat before it had time to oscillate. The 
results obtained may be concisely stated as follows : 


CHILLED CAST PROJECTILES. 


Gruson—Penetration 8} inches, shot broke up. 


“s Pierced, shot broke up. 
Krupp—Penetration 10} inches, shot broke up. 
: Pierced, shot broke up. 


Finspong—Penetration not obtained. Projectile stuck in the plate 
, unbroken. 

Finspong—Pierced, head of shot broken. 

Gregorini—Penetration ro inches, shot broke up. 


Lai e “ “e ae ia) 


Palliser—Almost through, shot broke up. 


“ ‘ By ee ce 


“ “e ai “e “ 


“ Pierced, shot broke up. 


STEEL PROJECTILES. 


Terre Noire—Penetration 8 inches, shot not broken. 
. " Penetration 10 inches, shot not broken. 
Whitworth—Pierced, shot not broken and hardly deformed. 


a « «“ “ Pm «“ 
Hadfield—Almost through, shot somewhat broken. 
wa Penetration 9} inches, shot somewhat broken. 
ws Penetration 10} inches, shot not broken. 
Landore—Penetration 9} inches, shot broken up. 


Vickers—Penetration 103 inches, base of shot broken. 
: (steel with chilled iron point)—Penetration 84 inches, shot 
split. 
Cammel—(steel with chilled iron point)—Pierced, point broken. 


“ “ ‘e “ee “ « 
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The Whitworth projectiles came out of this contest far ahead of the 
others, whilst the Terre Noire steel stood a good second. Shortly 
afterwards an important series of comparative tests of steel and chilled 
projectiles was carried on in Russia, resulting in a proof of the great 
superiority of steel shot made by the Terre Noire process over all 
other kinds. (The Whitworth metal was not represented in this 
contest. ) 

During the months of July and August, four test plates from the 
lots intended for the Inflexible’s turrets were tested. These plates 
were 9 inches thick; made up of 5} inches of iron, with a steel face of 
33 inches, furnished by Cammel & Co. The gun used was a g-inch, 
and three shots were planted on each plate, the penetration in no case 
reaching the iron; and whilst cracks were formed on the steel face, 
they did not extend as far as the iron. The progress in development 
of compound armor had been marvellously rapid, and this test, made 
on plates taken at random, serves well to show to what a state of cer- 
tainty the manufacture had arrived. The projectiles used, however, 
were of Palliser chilled iron, which did not measure the full power of 
the gun; or, rather, which wasted an important factor of energy by 
breaking to pieces on impact. 

The importance of this feature was very well shown at Spezia in 
July, 1879, where projectiles of different manufacture were tested 
against 28-inch Terre Noire steel plates. The plates unfortunately 
proved to be very inferior in quality, and the gun having been cham- 
bered so as to hold an increased charge, no direct comparison can be 
made between the results of this test and the one made in 1876. The 
plates rested against a backing of 20 inches, but were not bolted to it, 
the whole target being braced in rear by struts and beams arranged 
like the frame of a vessel. The first shot fired was a Gregorini chilled 
one, which broke the plate. The shot itself was smashed to pieces, 
some of the fragments flying 1o feet to the rear. The total penetra- 
tion was 15 inches. The second shot was of Whitworth compressed 
steel, and it pierced the whole target, breaking the plate. From the 
looks of the fracture the shot seemed to have penetrated about 23 
inches before the plate commenced to break up. This shot was 
scarcely deformed at all, the ogive being slightly swelled out, but the 
point being as sharp as it was before firing. The third shot was of 
Armstrong forged steel. It penetrated 134 inches and broke the 
plate, but the shot was very badly bulged and deformed. Thus, of 
the three shots, the Whitworth alone utilized all its energy on the 
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target, showing that the gun was capable of piercing it completely, 
The other two could not get in any injurious work on the backing— 
the one on account of breaking up and the other by becoming 
deformed. 

The Danes having built a large torpedo-ram (the Tordenskjold), 
determined to give her a steel deck-armor, and issued invitations to 
all the prominent steel works to submit test-plates. In June, 1879, 
five plates were received in response to this invitation, together with 
one iron plate, which was to serve as a standard of reference. The 
contesting firms were those of Landore, Marrel, Creusot, Krupp, and 
Terre Noire. The plates were all 3} inches thick and they were 
bolted by the four corners to open target-frames, so as to be entirely 
unbacked. The gun used was a 34-inch Krupp, firing a Krupp pro- 
jectile made from Bessemer steel. It is well worth mentioning, that of 
all the shots fired none of the projectiles were broken or deformed, so 
that a most exact comparative test of the resisting powers of the plates 
was obtained. Three shots were fired at each plate, and the Creusot 
plate having shown no cracks or signs of giving way at the third shot, 
had a fourth fired at it, which it withstood as well as the others. 

The report of this test states as follows: 

“The Terre Noire, Landore, Krupp, and Marrel steel plates 
showed about the same resistance. They were not pierced by any 
of the projectiles. The metal of the plates was turned back at the 
point of impact all around the shot-holes; cracks were made on the 
rear of the plates connecting the bulges and extending to the edges 
of the plates. The Terre Noire and Landore plates also had cracks 
on the face of the plate. Those of Krupp and Marrel were less seri- 
ously injured. 

“ The Marrel iron plate was slightly inferior to the above. It was 
almost completely perforated by one shot ; but the effects of all the 
shots were more localized, and no cracks appeared at the bulges on 
the back. 

“ The Creusot plate showed qualities much superior to the others. 
Although it received four shots, the bulges on the back were very 
slight, and there were no cracks either on back or face. The metal 
appeared to be much more homogeneous than the others. Prefer- 
ence should be given to the Creusot plate.”’ 

The contract for the deck-plating was given to Creusot, and in 
November, 1879, several batches of plates of different thicknesses 
were tested, and as they were all comparatively thin plates the ex- 
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periments are of great interest in showing the resisting power of thin 
steel to direct impact. They were unbacked and were fired at with 
the 33 inch Krupp gun, the projectile being of steel and weighing 
164 lbs. In no case was the shot broken or appreciably deformed. 
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Fraud Back 
Schneider Steel 14 inch Plate. 








The first plate was a 14 inch. tst shot, energy per inch of cir- 
cumference 5.2 foot-tons. Star-crack on front of plate and slight 
crack across bulge at rear; no daylight showing through. 2d shot 
same energy. Hole made in plate about 14 inch in diameter ; star- 
cracks front and rear. 3d shot, same energy; same effect as No. 1. 
4th shot, energy 89 foot-tons per inch. Shot clear through the 
plate ; star-cracks formed. Total effects well localized. No cracks 
interfering. 
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Schneider Steel 2} inch Plate. 
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The second plate was a 2t inch. 1st shot made a barely noticeable 
crack on the bulge at the back. 2d and 4th shots like No. 1, and 
the 3d shot a more pronounced crack extending beyond the edge of 
the bulge on both sides. Energy in all cases 8.9 foot-tons per inch, 
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Front Back. 


Schneider Steel 3} inch Plate. 




















The third plate was a 33 inch. 1st shot, energy 12.6 foot-tons per 
inch. Slight bulge at the back, but no crack. 2d shot, same energy 
and same effect as No.1. 3d shot, energy 16.9 foot-tons per inch, 
same effect as No. 1. 4th shot, energy 21 foot-tons per inch. Plate 
broken open at the rear and the point of the shot showing through. 
Shot stuck in the plate. The greatest bulge without breaking on 
this plate was a little over half an inch. 

In May, 1880, a test of a Wilson plate was made, which gave a 
very excellent result due to a slight modification in the method of 
manufacture. With this plate, the iron rear face had been stood on 
end; a mould was applied to the front, and the molten steel was 
poured in while in this position instead of, as formerly, being poured 
on the plate while horizontal. The plate was a g-inch one like those 
of the Inflexible, except that it was made up of 5 inches of iron and 4 
inches of steel. The gun used was a g-inch, and three shots were 
planted on the plate. The result was considerably better than that 
of the test of the Inflexible plate. A trial of a second similar plate 
under identical conditions gave a still better result, and seemed to 
guarantee the excellence of this modification in factory work. 

Before the close of the spring of 1880 the manufacture of both 
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compound and steel armor plates had reached a stage of develop- 
ment where they were brought into the closest competition. The 
firms of Cammel & Co. and Brown & Co., in England, were the fore- 
most builders of compound armor, and Schneider & Co., in France, 
were the leaders in the manufacture of steel plies. Since the Spezia 
experiments of 1876 the equipment of the Creusot (Schneider) manu- 
factory had been increased remarkably by th introduction of an 
eighty-ton steam hammer, with furnaces and c: <3 of a correspond- 
ing size; whilst a constant study of the pecuiiarities of steel plates 
had led to a high state of perfection in manufacture. In England the 
financial support given by the Admiralty and the War Office to the 
firms of Cammel and Brown had enabled them to rapidly pass the first 
period of semi-failure and to turn out heavy compound plates as 
rapidly and with as great a certainty of regularity in resisting power 
as had been possible a few years before with iron plates. 

In July, 1880, an experiment was made at Shoeburyness with a 
Cammel 18-inch plate; the heaviest yet manufactured, made up of 
13 inches of iron with a five-inch hard steel face. This was tested 
with the 38-ton 124-inch gun, using the service charge and Palliser 
projectile. The head of the shot stuck in the plate without penetra- 
ting to the iron. The body of the projectile was broken to pieces, 
and the steel plate was flaked off quite deeply for a radius of about 
8 inches around the point of impact. Two cracks were started ex- 
tending to the edges of the plate, although neither went completely 
through. 

During the summer of this year the French Government, desiring 
to provide armor of the most perfect type for their new ironclads, 
inaugurated a series of competitive tests, at the naval firing-ground of 
Gavres, between Cammel and Schneider plates of from 16 to 22 
inches in thickness. Full reports of these tests have never been 
made public, but the Government decided in favor of compound 
plates, mainly on account of the fact, that although they were badly 
shattered by the 13-inch rifle, yet they covered their targets after the 
fourth shot, while the Schneider plates were either shattered or 
pierced at the second. Whilst, however, their decision was in favor 
of the English system, their report laid great stress upon the possi- 
bilities of the development of steel, and in order to aid the Creusot 
works as far as possible a contract was made with Schneider to furnish 
the side armor of the ironclad Terrible. 

In April, 1881, both Cammel and Schneider plates were tested at 
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Gavres for reception, and these tests furnish an interesting episode in 
the development of the rival dispositions. The Cammel plate was for 
the turret of the Requin and was 17# inches thick, made up of 13 
inches of iron and 4? inches of steel. The Schneider plate was a 
side plate of the Terrible, tapering from 194 inches at the top to 16 
inches at the bottom. In both cases the French 32-centimeter 
(12}-inch) gun was used, with Palliser chilled shot of 759 lbs., and a 
charge of powder of 150 lbs., except the third shot on the Schneider 
plate, which was fired with a charge of 161 lbs. The following isa 
summary of the effects of the three shots on each plate: 


First Shot. 
Cammel plate.—Energy per inch of shot, 274 foot-tons ; penetration 
8 inches. 
Schneider plate.-—Energy per inch of shot, 270 foot-tons ; penetration 
gt inches. 


On the Cammel plate two cracks developed, one going entirely 
through the plate from the shot-hole to the upper edge ; the other of 
no importance. On the Schneider plate three fine cracks developed, 
tending to separate the plate into three pieces. 


Second Shot. 
Cammel plate.—Energy per inch of shot, 274 foot-tons ; penetration — 
gt inches. 
Schneider plate.—Energy per inch of shot, 270 foot-tons ; penetration 
6% inches. 


On the Cammel plate the through-crack of the first shot was ex- 
tended to the bottom of the plate. Eight new surface-cracks de- . 
veloped. On the Schneider plate no new cracks developed ; the old 
cracks spread through the plate. 


Third Shot. 
Cammel plate.—Energy per inch of shot, 274 foot-tons ; penetration 
15s inches. 
Schneider plate.-—Energy per inch of shot, 297 foot-tons ; penetration 
3 inches. 


On the Cammel plate the cracks were developed into splits, sepa- 
rating the plate into three unconnected parts, held by their bolts to 
the backing. On the Schneider plate two new cracks of no import- 
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18 inch Plates at Gavres. 
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ance were developed. The other cracks were spread, but the plate 
was not completely split. 

In December, 1881, another Schneider plate from a second lot in- 
tended for the side-armor of the Terrible was tested under the same 
conditions, giving even better results than the previous one. The 
same gun, charge, and projectile were used as in the previous test, 
and the plate was of the same dimensions. 
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Schneider Plato Ist. Shot. 


First Shot. 


Energy per inch of shot, 274 foot-tons ; penetration 4 inches. No 
cracks visible. 
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Schneider Plate 2nd. Shot: 


Second Shot. 


Energy per inch of shot, 274 foot-tons; penetration 8.9 inches. 
Crack opened from the left edge, through the shot-hole, and to shot 
No.1. Greatest width of crack, 0.2 inch. 

















Schneider Flate Gri. Shots 


Third Shot. 


Energy per inch of shot, 300 foot-tons; penetration 8} inches. 
Crack opened from the top of the plate to No. 3, extending clear 
through. Two fine cracks connecting No. 3 with 1 and 2 

The plate, when dismounted from the target, remained whole. No 
bolts were broken and the backing was uninjured. 

In the latter part of 1880, a test was made at Portsmouth of a com- 
pound plate made under a modification of the Ellis patent by Brown 
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& Co. The modification in manufacture consisted in rolling a hard 
steel-face plate, which was then placed in the mould at a certain dis- 
tance from the iron one, and then, both plates being brought to a 
welding heat, molten mild steel was poured between them, after which 
the whole mass was rolled to the desired dimensions. In this in- 
stance the original thickness of iron was 14 inches, of the steel face 
plate 2 inches, and of soft steel 5 inches, or altogether a thickness of 
21 inches. The finished thickness of the plate was 104 inches, having 
been rolled down one-half. The plate was tested with three shots 
from the g inch gun, using Palliser projectiles. The penetration was 
5 inches for the first two shots, and 54 inches for the third. The first 
and third shots produced only insignificant cracks, the second one 
opening a crack through the steel. The success of this method of 
construction led the Admiralty to order similar plates for the armor 
of the Conqueror. 

From these detailed experiments it is made evident that the manu- 
facture of thoroughly excellent plates of both steel and compound 
armor was assured in 1881. From this time a very sharp rivalry 
sprang up between the two systems, one of which was thoroughly 
English and the other just as exclusively French. As a rule, suc- 
cesses on either side have been alone reported, so that it is a matter of 
more than ordinary interest to describe two decided and public fail- 
ures, the one occurring with compound and the other with steel armor. 

In June, 1881, Cammel & Co. delivered at Kummersdorf, Prussia, 
an 8 inch test plate, of a lot intended for the two Chinese ironclads 
building at that place. 




















Cammel Plate at Kummersdorys, 
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This plate was tested with the Krupp 17 centimeter (6% inch) gun, 
using Gruson chilled projectiles. 

1st Shot. Energy per inch of shot g1 foot-tons. Point of shot 
through the plate and 6 inches into the backing. 

2d Shot. Energy per inch of shot, 92 foot-tons. Point of shot 
through the plate and 17 inches into the backing. 

3d Shot. Energy per inch of shot 92 foot-tons. The whole pro- 
jectile completely through the plate. 

The plate was condemned. A few months afterward, however, a 
similar test-plate was tried with the following results, the same gun 
and charge being used. 

1st Shot. Energy per inch of shot go foot-tons ; considerable bulg- 
ing at the back, but no cracks. Penetration not given. 

2d'Shot. Same energy, bulge as before with a through-crack 
across the bulge; point of shot not visible. 

3d Shot. Same energy; bulge as before with a through-crack on 
the bulge; point of shot distinctly visible. Appearance on the front 
of the plate of a tendency of the steel to separate from the iron. 

In 1882 the Russians invited the firms of Cammel and Schneider 
to submit test-plates for a competitive trial, and in November a very 
interesting test took place at Ochta, near St. Petersburg. The plates 
were 8 feet by 7 feet by 12 inches thick, the compound one being made 
up of 8 inches of iron with 4 inches steel face, Wilson’s system. The 
gun used was the 11 inch Russian rifle, firing chilled projectiles at a 
range of 120 yards. The plates were bolted to 12 inch backing with 
t inch iron skin ; the Schneider plate being held by. 12 bolts, whilst 
the Cammel had but 4. 

first Shot. 

Schneider plate. Energy per inch of shot 252 foot-tons. Penetra- 
tion 13 inches. 

Cammel plate. Energy per inch of shot 252 foot-tons. Penetra- 
tion 5 inches. 

The Schneider plate was broken into five pieces, which, however, 
were held well together on the target by the bolts. 

The Cammel plate had a number of face-cracks started, which 
were not of a serious nature. Three of its four bolts were broken. 


Second Shot. 


Schneider plate. Energy per inch of shot 151 foot-tons. Penetra- 
tion 16 inches. 
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Cammel 1" Shet. 
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Cammel plate. Energy per inch of shot 151 foot-tons. Penetra- 
tion not given. 

The Schneider plate was broken into nine separate pieces. Pre- 
vious cracks opened out, and three new ones formed, gaping from 2 
to 3 inches. The Cammel plate fell from its target, the remaining 
bolt having been broken. The upper left-hand corner was broken 
completely off, and a piece of the steel face below it, varying from 14 
to 3 inches in thickness, was scaled off. Several new face cracks 
formed. 

Third Shot. 

Schneider plate. Energy per inch of shot 151 foot-tons. Com- 
plete penetration. 

Cammel plate. Energy per inch of shot 151 foot-tons. Penetra- 
tion 34 inches. 

Nearly half of the Schneider plate was knocked off the target. 
One piece weighing about a ton was found 13 feet behind it. The 
projectile was found 740 yards behind the target uninjured. 

The Cammel plate having been rebolted to its target after the 
second shot, it was found that a few new face-cracks had been started 
and a small piece of the steel face was knocked out. 


Fourth Shot. 
On the Cammel plate alone, with the same energy as before. Pene- 
tration not given. Three new face-cracks started and a piece of the 
steel face knocked out. 














Cammel Flate at Ochta, 
<4” Shot. 
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This test showed a marked superiority of the Cammel plate over 
the Schneider, but it cannot be considered, as many have thought, to 
have established the superiority of the compound disposition over the 
steel. It is very certain that the Schneider plate was a poor one, as 
shown by the great penetration and breaking up of the plate at the 
first shot. The thorough excellence of the compound disposition 
was, however, determined ; for, as will be shown, this plate had been 
equalled before in power of resistance. 

In June, 1882, a test was made of a compound taper-plate, intended 
for the water-line belt of the Russian cruising ironclad Vladimir 
Monomack. This plate had a 2-inch steel face; the total thickness 
being 6 inches at the top and 4 inches at the bottom. The 7-inch 
rifle was used in the test, firing chilled projectiles with an energy suf- 
ficient to pierce 54 inches of wrought iron (35 foot-tons per inch), 
Three shots were fired, all of which bulged and cracked the back of 
the plate. The penetration averaged about 34 inches; face-cracks 
being formed after each shot. It was found that water would pass 
through cracks made by the last shot. 

















Collingwood Plate. 


An 11-inch test plate intended for the armor of the Collingwood 
showed a remarkable endurance. This was a Wilson plate made up 
of the usua] proportions of 4 steel and # iron. It was first tested 
with a 9-inch rifle and Palliser projectiles. Three shots were fired, 
with the following results : 
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No. 1.—Penetration 44 inches. Five small surface-cracks. 
No. 2.—Penetration 5+ inches. Four new small surface-cracks. 

No. 3.—Penetration 4;5 inches. One new surface-crack. 

The plate was bulged at the back by each shot, the height of the 
bulges being from } to ¢ of aninch. The g-inch having proved itself 
no match for the plate, a 10-inch rifle was tried and four more shots 
were fired, with the following effects : 

No. 4.—Penetration 44 inches. Two new cracks developed. 

No. 5.—Penetration 43 inches. Four new cracks developed. 

No. 6.—Penetration 44 inches. Two very superficial cracks. 

No. 7.—Penetration 43 inches. Two very superficial cracks. 

None of the cracks made by the 1o inch went beyond the steel 
face. The bulges at the back were the same as before. 














Ellis llinch Plate. 


Shortly after the test of the Collingwood plate an 11-inch plate, 
made by Brown & Co. on the Ellis system, was tried at Shoeburyness, 
being made up of 7 inches of iron and 4 inches of steel. Four shots 
were fired at it from a 9-inch rifle, the first three being Palliser chilled 
and the fourth a Cammel steel shot, with the following effects. (The 
plate was supported against heavy backing, but was not bolted to it.) 

1st Shot. Energy per inch of shot 364 foot-tons. Penetration 54 
inches. Seven radial cracks were started of which only one was im- 
portant, reaching to the top of the plate and being 6} inches deep. 
The bulge at the back of the plate was 1 inch high and showed three 
hair cracks. 

2d Shot, Energy per inch of shot 322 foot-tons. Penetration 64 
inches. Five fine cracks started, but none of them important. Bulge 
at the back, one inch high, without cracks. 

3@ Shot. Energy per inch of shot 400 foot-tons. Penetration 6.9 
inches. The cracks previously made were slightly opened and one 
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new crack was formed. A piece of the steel face was broken out, 
Bulge at the back one inch high with one small crack. 

4th Shot. Energy per inch of shot 344 foot-tons. Penetration 6.7 
inches. This shot struck close to the second one. Several new and 
fine cracks were started. Bulge at the back } an inch, with a few 
hair cracks. The shot broke up like the chilled ones. 

As a large part of this plate was still uninjured, it was determined 
a few months afterward to try the effects of the 38-ton 12-inch gun 
on it. Two shots were fired with the following effects, both projec- 
tiles being made of Cammel steel. 














N 


Ellis 11 inch Plate. 


5th Shot. Energy per inch of shot 765 foot-tons. Plate broken 
clear through, a disc of the size of the shot being pushed into the 
backing. No new cracks were formed. The shot did not get 
through the backing, but broke up badly. 

6th Shot. Energy per inch of shot 757 foot-tons. This shot 
struck nearly in the mark of No. 4. The corner of the plate was 
knocked completely off, the whole plate was broken up and the 
backing was pierced. A large section of the steel face was knocked 
out, making an odd-looking crater. The shot broke up badly. 

A very interesting experiment was carried on in June, 1882, witha 
new system of projectiles designed by Sir William Palliser. The 
shot was made with the head independent of the body. The head 
itself, which was an ogival, struck with a long radius (two diameters), 
had a series of triangular blades cast with it, which were to assist the 
shot in getting through by their wedging and shearing action. The 
steel body was made up in a variety of ways, all tending, however, to 
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develop a certain action, which was to aid by its energy in pushing 
the head through the plate whilst it was torn off and left behind so as 
to save the drag through the metal. Three shots were fired from 
the 13 pdr., using these projectiles against a 4-inch Cammel com- 
pound plate, with the following results : 


























Fulliser Patent Shot 
and Target 


First Shot. The body of the shell pierced the plate and went into 
the butt, the exterior envelope was torn off and broken, the interior 
one stuck in the hole. Plate developed a through-crack at its upper 
edge, which only became noticeable after the other shots were fired. 
Three radial cracks developed around the shot-hole. 

Second Shot. Clear through the plate, except the exterior jacket, 
which broke up. 

Third Shot. Clear through the plate, projectile broke up. 

An ordinary Palliser chilled shot fired at this plate with a slightly 
greater energy broke to pieces without harming the plate beyond 
bulging the back. 

A further test was made in the spring of 1883 with this system, 
using the 64 pdr. calibre, and the report of the result of the experi- 
ment was quite unfavorable ; stating that more damage was done by 
the ordinary Palliser chilled shot than by the modified one. 
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In November, 1882, the 1oo-ton gun was brought into requisition 
to settle the vexed question of compound versus steel armor. The 
Italian Government sent invitations to the three great armor manu- 
facturing firms of Cammel, Brown and Schneider to submit test 
plates of armor for competitive trial at Spezia, in order to determine 
the system to be used on the gun-tower of the Lepanto, one of the 
two largest war vessels in the world. Each firm was to submit a 
plate made in accordance with its own ideas, the plates to be ro feet 
10 inches long by 8 feet 7 inches wide by 18.9 inches thick. The 
three plates were made according to the three different methods 
adopted by the firms. The Cammel plate was made up of about 13 
inches of iron with a 6-inch steel face, the latter containing js of one 
per cent. of carbon; the face was applied by Wilson’s method, and 
the plate was rolled down from about 30 inches to the finished thick- 
ness. The Brown plate had about the same proportion of steel and 
iron, the former containing ys of one per cent. of carbon. It was 
made up by Ellis’s method, of running molten steel between a rolled 
steel face plate and the iron body. The Schneider plate was of solid 
steel, containing y's of one per cent. of carbon, the face for a depth 
of about 6 inches having been tempered in oil. The two English 
manufacturers had decided to use but 6 bolts in fastening their plates, 
whilst Schneider used 20. The plates were bolted to an oak backing 
of 20 inches, and each plate was enclosed in a frame of iron armor as 
an additional support. 


1st Round. 


Shot 2000 Ibs. (Gregorini chilled iron). Charge 3284 lbs. Fossano 
powder. Striking energy per inch of shot 371.7 foot tons. Struck 
the Cammel plate. Penetration 6.9 inches. The lower right-hand 
corner was broken fairly away from the plate, being held by a single 
bolt. A number of hair cracks were started covering the face of the 
plate. The whole plate was set back three inches at the part struck. 
In the rear one plate-bolt was broken and several smaller backing 
and frame bolts. 

2d Round. 


Shot 2000 Ibs. (Gregorini chilled iron). Charge 3283 lbs. Fossano 
powder. Striking energy per inch of shot 379.8 foot tons. Struck 
the Schneider plate. Penetration 8} inches. No cracks or signs of 
weakness shown, no armor bolts broken, no injury to backing, the 
plate was not set back. 
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3d Round. 


Shot 2000 Ibs. (Gregorini chilled iron). Charge 3284 lbs. Fossano 
powder. Striking energy per inch of shot 373.8 foot tons. Struck 
the Brown plate. Penetration 3 inches. The plate showed one 
decided crack across its face and several hair cracks. The whole 
plate was set back about two inches, and there appeared to be a 
slight concavity in the vicinity of the shot-hole, while the Schneider 
plate had showed a slight bulging at that point. No armor bolts 
broken. 

4th Round. 

Shot 2000 Ibs. (Gregorini chilled iron). Charge 478.3 lbs. Fossano 
powder. Striking energy per inch of shot 605 foot tons. Struck the 
Schneider plate. Penetration gt inches. The plate split vertically 
and continued to crackle for several minutes, cracks forming and 
opening until the main one was 0.9 inch wide at the bottom and 0.7 
inch just above the point of impact. Deep hair cracks were opened, 
one of them extending through the plate. No armor bolts broken. 


5th Round. 


Shot 2000 Ibs. (Gregorini chilled iron). Charge 478 lbs. Fossano 
powder. Striking energy per inch of shot 612 foot tons. Struck the 
Brown plate. Penetration about 8 inches. The plate was split 
into six main pieces, all. of which except one were thrown from the 
target, the latter being held by two bolts. The wood backing in the 
centre was broken and torn. At the back two beams were badly 
broken and forced back. All the armor bolts except two were 
snapped or drawn. 

6th Round. 

Shot 2000 Ibs. (Gregorini chilled iron). Charge 478 lbs. Fossano 
powder. Striking energy per inch of shot 613 foot tons. Struck the 
Cammel plate. Penetration about 8 inches. Plate smashed and 
knocked completely off the target. All the bolts either drawn or 
snapped. Backing badly split and torn. One beam in rear broken. 
The plate was bulged at the rear opposite the point of impact. 


7th Round. 

Shot 2078 lbs. ( Zerre Noire steel). Charge 478 lbs. Fossano 
powder. Striking energy per inch of shot 615 foot tons. Struck the 
Schneider plate. Penetration 124 inches. A large portion of the 
centre of the plate was broken out and the upper right quarter was 
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displaced. The shot was much set up and the extreme point was 
broken off. The original length of the shot was 444 inches, which 
after impact was reduced by crushing to 28 inches. The backing 
was somewhat split and torn. At the back seven beams were broken 
and displaced. One armor bolt was partially driven out. 


8th Round. 


Shot 2124 lbs. (Gregorini cast and tempered steel). Charge 478 
Ibs. Fossano powder. Striking energy per inch of shot 607.7 foot 
tons. Struck the Schneider plate, passing through it and the back- 
ing, being picked up broken to pieces behind the target. The piece 
of plate struck was completely smashed, the largest of the remnants 
hanging on by a bolt. Some of the fragments were driven through 
the target to a distance of 6 feet to the rear. 

The following extracts from the official report of the Italian Com- 
mission are interesting in the conclusions reached, and furnish much 
valuable information with regard to the state of development of heavy 
plate manufacture. 

“From an accurate examination of the cracks and the fractured sec- 
tions, it was observed that in the compound plates the steel, and also 
the iron, showed rather a coarse grain; distinct strata of the metal 
imperfectly welded were noticed as well as cavities and traces of 
scoria. It was also noticed that the thickness of the steel stratum 
was not uniform, varying from 6+ to 4% inches. It was also noticed 
that in the weld of the two metals the iron presented a spongy ap- 
pezrance as if it were of inferior quality. In general, the anomalies 
indicated above were more apparent in the Brown plate than in the 
other, although there was more regularity in the thickness of the 
steel. 

“It should be noted with regard to the cracks, that while in the 
compound plates they were both radial and concentric, in the 
Schneider plates they were exclusively radial. Moreover, in the 
compound plates the cracks were in continuous and well-defined 
lines, showing signs of the marked effect of the molecular separation 
of the metal, while on the contrary in the Schneider plate, on account 
of the peculiar fibre of its steel, the cracks were serrated throughout 
the thickness of the metal. In the Schneider plate a very fine grain 
was observed, uniform and compact, and showing much greater mo- 
lecular tenacity. The committee thinks these differences in the char- 
acters of the metal in the two systems of armor may be principally 
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attributed to the difference of the force of compression to which the 
plates are subjected in manufacture. . . . . A very great differ- 
ence was observed in the quality of the metal of the armor-bolts. 
In fact, the rupture in the English bolts showed a grain approaching 
the characteristics of cast metal, as the fact proved that with one excep- 
tion, none of the English bolts ‘that were broken presented any in- 
dications of torsion. Precisely the opposite was noted in the French 
bolts, none of which were broken, and only a few twisted, but with- 
out a sign of fracture, as if the metal were soft and ductile. 

“In view of the results of the two shots against each of the experi- 
mental plates, the Commission is able to conclude: 1st. That the 
Schneider plate, though it may have permitted a greater penetration, 
proved superior to the compound plates and better adapted to protect 
aship’s side. 2d. To give absolute judgment on the degree of super- 
iority of the Schneider plate, the committee is of the opinion, that it 
would have been necessary for the plates to have been secured to the 
backing in exactly the same way, as well in number as in the quality 
of the bolts. 

“Another conclusion that can be drawn from these experiments, 
from the compound plates as well as the Schneider, is, that lineal 
measurement, which is still used in comparing penetration in them 
with that of iron of equal thickness, can no longer serve as a criterion 
of the value of their resistance, because the plates of both systems 
present a much greater resistance to penetration than they do to the 
racking effects or to general destruction, so that in practice the plate 
which permits the greater penetration, but which has greater tenacity, 
will stand best. On the other hand a projectile which has less energy 
per inch of circumference, whilst it possesses greater total energy, 
will be more powerful. In other words, hard metal plates are split 
to pieces by a lighter blow than would be necessary to penetrate 
them, which shows that this force, instead of being employed princi- 
pally to obtain penetration, might be utilized to give a greater rack- 
ing blow, which would be the result of flattening the head of the pro- 
jectile, and greater results would follow, since the relatively useless 
work, that makes the point seek an opening by separating the fibres of 
metal, would go towards increasing the blow and would augment the 
general damage of the plate. 

“This consideration is especially important for compound plates, 
since the experiments show that, while through the hardness of their 
steel, they offer a resistance more than sufficient and somewhat greater 
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than that of the Schneider, yet on account of their lack of tenacity, 
they present less resistance than the latter to a powerful racking blow. 

“It may be inferred from the foregoing that it no longer answers in 
practice to value the resistance of plates similar to those experimental 
ones, by using the energy per inch of circumference of the projectile, 
and the best unit of measure for such valuation is the total energy. 
It is equally seen that the best projectile to be used against modern . 
armor-plates, is not that already having the greatest energy in respect 
to its calibre, but that which possesses an absolutely greater total force 
of impact. 

“The Commission does not possess sufficient data to estimate how 
much farther the manufacture of compound armor can be improved, 
but it seems that important advantages would be gained if the follow- 
ing suggestions were accepted : 

(a) Greater force in lamination. 

(6) Uniformity in the thickness of the steel. 

(¢) A system of fastening which will prevent the broken pieces of 
plate from falling from the backing. 

(qd) That a quality of metal should be used for the bolts that 
would attain a high degree of ductility, in order to eliminate almost 
every danger of breaking. 

“The Committee being able to deduce rules from the results of the 
two rounds upon each of the three plates, is of the opinion that these 
trials should not be inferior to those which the Schneider plate proved 
its ability to withstand. . . . . The Committee, therefore, is of 
the opinion that for the compound plates intended for the Italia, the 
following test trials should be ordered : 

“y. Plates selected for the firing trial should be secured to a 
wooden backing of about 80 centimeters (30 inches) in any way most 
agreeable to the manufacturer. 

“2. The plate shall receive a round in the centre with a Gregorini 
chilled shot, fired from the 1oo-ton M. L. R. to realize a force equal 
to that required to penetrate iron of 25 per cent. greater thickness. 
The energy of the projectile to be determined by the Muggiano 
formula. 

“3. The shot not to go through the plate, and no piece of the 
armor to be detached from the backing on account of any cracks that 
may be produced. 

“ And finally, to be sure that no plates ordered shall prove inferior 
to those that have satisfactorily sustained the trials stated in the pre- 
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ceding paragraphs, the Committee is of the opinion that samples of 
every plate, including that to be experimented with, should be sub- 
mitted to mechanical tests in the same way and by the same rules 
observed on the occasion of the manufacture and test of the plates 
for the Duilio and Dandolo.” 

This grand armor test, like the one of 1876, created a great excite- 
ment amongst artillerists. It must, however, be viewed in an entirely 
different light from the earlier one. The trial of 1876 resulted in the 
overthrow of a system which had reached the absolute end of its 
development. That of 1882 only marked a s¢age in the new develop- 
ment. By it no question of the absolute superiority in the develop- 
ment of a system was or could be settled ; nor was it the intention or the 
hope of the Italian Government, that any absolute decision could be 
reached beyond the one of the proper fest to which such heavy 
armor should be submitted. Much fault has been found with the 
meagreness of the report of the Committee, especially in that its con- 
clusions were devoted almost entirely to the detail of the best form of 
test to be given to plates submitted for trial; also complaint of un- 
fairness has been made in that, whilst the Schneider plate showed 
superior resisting power at the trial, the plates to be used on the 
Italia are to be Cammel and Brown compound ones. This fault-find- 
ing arises wholly from a misconception of the circumstances under 
which the experiments took place. The contracts for the armor of 
the Italia had already been awarded long before the experiments took 
place, and without previous competitive test. This trial was intended 
solely to establish a method of testing plates of the different deliveries 
for acceptance; there having been a great uncertainty as to what 
was the best arrangement of firing that should do equal justice to the 
government and the manufacturers. Schneider was invited to submit 
a plate in order that advantage might be taken with future ships, of 
any superiority that his target should develop. Regarded in this, its 
true light, the report becomes one of great importance ; the method 
of test prescribed by it has been adopted by the British Government, 
in place of the former method of firing three shots on the apices of 
an equilateral triangle, and the severity of the new test will undoubt- 
edly lead to a great and rapid improvement in the resisting power of 
both steel and compound plates. 

On account of this same misunderstanding with regard to the object 
of the test, a very violent attack was made by the minority of the 
Italian Assembly, upon the action taken by the Minister of Marine in 
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awarding the contracts for the Italia’s armor to Cammel and Brown, 
extending to a general attack upon the whole policy of the naval 
adminis’ .“or in his response to these attacks, Admiral Acton, 
the Minister of Marine, made a most excellent defence, and his argu- 
ment presents the advantages of compound armor in the strongest 
light possible. It should not be assumed, however, as has been done 
by many who have studied this report, that the Admiral condemns 
steel armor or even considers its possibilities of development inferior 
to those of steel. He very properly warns his countrymen against 
being carried away by the great apparent superiority of steel over 
compound plates, as shown by the Spezia experiments, quoting the 
Ochta ones in which compound armor was more decidedly victorious 
over steel, in support of his argument. Just in the same way people 
should not be carried away by the Ochta experiments, since the test 
of the second delivery of “ Terrible” plates at Gavres, shows conclu- 
sively that most excellent results can be obtained with steel. 

In reviewing the whole subject, it is seen that the commencement 
of the development of both steel and compound armor dates as far 
back as 1858. After the first tests, which naturally were unsatisfac- 
tory, the development was left to private energy alone, unsupported by 
the governments on account of the immediate necessity for armor and 
the great cost of steel. In passing the 12-inch limit of wrought iron, 
the embarrassments of manufacture and of weight of armor became 
superior to the benefits derived from absolute thickness of plate. The 
test of 1876, at Spezia, showed the world that steel had at last arrived 
at the point where it could successfully assert its supremacy. The 
firm of Cammel & Co. had labored almost unaided to overcome the 
intractability of steel, choosing as their line of development a method 
of compounding steel and iron. Whitworth, in England, was also 
trying to solve the problem by taming the steel itself. It has been 
shown that in the first English tests, Whitworth’s steel plates were 
much superior to Cammel’s compound ones, but the apparent enmity 
existing between the government authorities and Whitworth led to 
the aid of the former being given to Cammel. Development followed 
with remarkably rapid strides; without doubt more rapid than it 
would have been had Whitworth been the favored individual, and this 
not so much on account of the superiority of the system as for per- 
sonal reasons. Whilst, however, Schneider received the pecuniary 
advantages arising from the contracts for the armor of the Duilio and 
Dandolo, he was handicapped in his development by the necessity of 
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working on great thicknesses instead of the medium ones. As a gen- 
eral result, compound armor very quickly took the lead in develop- 
ment, but this lead has never been great. At present the rivalry 
between the two systems is very great. It seems unquestionable that 
they must approach each other as they approach perfection, and as 
yet it is impossible to tell whether the true method of approach will 
be by the compound system doing away with its distinctive features, 
or the steel system adopting some of those of its opponent. 

It must be remembered that the ultimate object of naval armor is 
to attain the greatest amount of protective power with the least pos- 
sible weight, and since there is a minimum limit of space to be 
defended which cannot be reduced, the reduction in weight must be 
accomplished by a reduction in thickness. Taking first the case of a 
compound plate, it is evident that the iron back gives a minimum of 
resisting power ; its main object being to hold the hard steel face up 
to its work. Great surface hardness is readily and safely obtainable, 
and as yet no absolute conclusions have been reached as to the true 
proportion which the thickness of the iron should bear to that of the 
steel. Owing to the great ductility of iron a considerable thickness 
of steel is necessary, to aid by its greater stiffness and prevent the iron 
from giving back so much as to distort the steel face and tear it from 
its connection. If now the greater resisting power of steel can be 
successfully utilized so that a soft steel back may be made to do the 
duty imposed upon the iron at present, then the true object of the 
armor of obtaining the greatest resisting power for a given thickness 
will be obtained. If this method be adopted, however, the compound 
plate becomes virtually a steel one, differing solely in method of 
manufacture. 

Turning now to the steel system, it is evident at once that by 
adopting the metal of greatest resistance throughout, the attempt is 
made to reach the desired end directly. The element of molecular 
disturbance enters here, however, as a serious drawback to develop- 
ment. (The effects of molecular disturbance are discussed in the 
chapter on the Manufacture of Armor.) Up to the present time it has 
been found absolutely impossible to give to Schneider plates the 
same amount of surface hardness as is possible with the compound 
ones, and as has already been shown, this feature is a prime necessity 
in true development in order that the projectile shall be forced to 
work destructively upon itself. Whitworth has accomplished the 
feat, although under a modified form. It would seem then that, pro- 
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vided this surface hardening be possible, the true line of development 
lies in the direction of the all-steel plate. To say that it is impossible, 
or that it is impossible to give to steel the qualities demanded in the 
backing of a steel face, would be a most dangerous assertion in the 
face of the great progress shown by comparing the Schneider plates 
of 1876 with those of 1882; the behavior of the Schneider plate com- 
pared with that of the Marrel iron plate in the Tordenskjold experi- 
ment and the Terrible test-plates with the compound Requin ones, 
Nor has the last word been heard yet from the Whitworth, Terre 
Noire and Basic methods of manufacture. 

In closing this chapter, the attention is specially called to the 
importance which “ Armor Fastenings” has come to assume in the 
disposition of armor. The system of bolting has been completely 
revolutionized, in that bolts are now not permitted to go through the 
plates. Whilst the size of bolt, the play of the shank, the male 
screw-thread, and the rubber washer of the old system are retained, 
the number of fastenings must be increased, and the question arises, 
is this to be a permanent feature or not? Schneider wins many vic- 
tories by numerous bolts, but here it would seem that although the 
compound plates are at a disadvantage at present from the limited 
number used, true development points to reduction rather than addi- 
tions of fastenings, since they are an element of weakness in reality in 
destroying the homogeneity of the structure and adding to the weight 
and cost. 
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VI. 
INCLINED ARMOR. GROSON CHILLED ARMOR. 


The first step taken in the development of armor, and one which 
was probably co-existent with its original application to war-vessels, 
was that of gaining whatever advantages might be due to presenting 
its surface obliquely to the line of fire of artillery. The proposition 
submitted by John Stevens to the United States Government in 1813 
contained the specification that the vessel was to be protected by in- 
clined armor. It needs no demonstration to prove the existence of 
advantages, both in the tendency of the resolved energy to glance the 
shot from the face of the target, and in the increased thickness to be 
pierced by a projectile striking a plate in any direction not normal to 
the face; but however great the magnitude may appear in the 
abstract, the difficulties encountered in applying such dispositions to 
vessels of war, such as loss of very necessary space, additional 
weight for the protection of a given area, etc., make it necessary 
that the absolute value in protective power of the various dispositions 
should be known, in order that a true balance may be struck between 
it and the constructional disadvantages. 

For convenience of discussion, the various dispositions will be 
classed under three distinct heads: 1st. What may be termed “ Steep 
inclination,” comprehending all those dispositions which seek to gain 
the advantages of inclination without completely sacrificing the 
natural uses of the vertical space immediately behind the armor; 
such as gun-space in the battery, or living-room in other parts of a 
vessel. The lower limit of this inclination may be assumed at 30° 
from the horizontal. 2d. “ Shield inclination,” or those dispositions 
which make the availability of the space in rear entirely subsidiary to 
the factor of protection offered by inclination. These dispositions lie 
between angles of 30° and 5° from the horizontal. 3d. “ Deck 
inclination,” or those dispositions which are applied to decks proper 
which vary from the dead-flat to an extreme crown-angle of 5°. 


teep Inclination. 


The only tests of importance of the effects of spherical projectiles 
on steep inclined armor, are those furnished in the Civil War, by the 
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New Ironsides, the ironclads on the Western rivers and Confederate 
ironclads. In the case of the New Ironsides, the inclination of the 
casemate armor of about 60° from the horizontal, without doubt 
contributed somewhat to her invulnerability. In this ship, however, 
it may be questioned whether the increased immunity from penetra- 
tion was not too dearly purchased. Her armor was sufficiently strong 
to thoroughly resist penetration from the guns attacking her even 
had it been disposed vertically, and such an arrangement would have 
saved her over 50 tons of dead weight, would have given a clearer 
space for manceuvring her guns, better ventilation for her battery 
deck, and an increase of upper deck room. The saving in weight is 
the main consideration, and it would probably have lightened her 
draft considerably. The Western river gunboats and the Confederate 
ironclads realized greater benefits from the inclination, and in their 
cases constructional advantages had to be sacrificed to the disposition 
entirely ; for in the one case, the necessity of fighting under a plung- 
ing fire from high river banks required the greatest reduction of 
upper deck space possible. Only a certain weight, and that not 
great, was available for armor, and it had to be distributed in sucha 
manner as to give overhead as well as broadside protection. Whilst 
a greater weight for armor was permissible on the Confederate vessels 
Virgiaia, Atlanta and Tennessee, the weakness of its composition, 
forced by the lack of proper appliances to make good armor-plates, 
made it necessary to gain all the advantages that inclination could 
afford; and in these vessels steep inclination was carried to the 
extreme point of 30°, beyond which it would have been impracticable 
to work guns in the confined space behind it. This inclination was 
sufficient to completely neutralize the 11-inch smoothbore, and to 
prevent the ingress of 15-inch shot into the battery. Whilst, how- 
ever, this steep inclination was an excellent check to smoothbore pro- 
jectiles, the advantages were very much modified when rifled shot 
were brought to bear upon it. 

In June, 1861, a series of experiments was carried on at Shoebury- 
ness against plates inclined at various angles. The first plates tested 
were # inch, against which shot were fired from the 6 pdr. rifle. It 
was found that there was no apparent difference in the powers of 
resistance of the plates when placed at angles of 60°, 45° and 30°, 
and when placed vertically. A 14 inch plate was next tried, and 
after it a 3 inch plate, using the 12 and 40 pdrs. and but very little 
difference was notable between the vertical and 45° positions. 
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In January, 1862, a test was made of the comparative resistance of 
two wrought-iron plates containing the same amount of iron, and 
covering the same vertical area, the thicker plate being placed ver- 
tical and the thinner one at 45°. The dimensions of the two plates 
were 36 inches X 48 inches X 44 inches and 36 inches X 72 inches 
X 3% inches. The 40 pdr. and 100 pdr. Armstrong rifles were used 
on both plates. No advantage was recognizable arising from the 
obliquity. 

The Iron Committee, referring to these experiments in their first 
report, make the following statement: ‘With the 100 pdr. Arm- 
strong at 200 yards distance the vertical plate was broken, but not 
penetrated ; but the oblique plate was penetrated and the backing 
destroyed. 

“This appears to show that no advantage is gained by placing iron 
plates at an angle where, by doing so, the plate must be made thinner 
to compensate for an extended area. 

“We by no means assert that a 4% inch plate will not present a 
greater resistance when placed obliquely than when placed vertically, 
especially in the case of spherical shot ; but we think that the iron is 
more usefully disposed in vertical plates of a given thickness, than 
the same weight would be if disposed in thinner plates placed 
obliquely to protect the same vertical area.” 

In November, 1862, the committee fired some cast-iron and homo- 
geneous metal shot and shells from the Whitworth 12 pdr. at a 24 
inch iron plate, placed at an angle of 45°. The cast-iron shot were 
broken up on impact, the pieces deflected, and hardly any injury 
caused to the plate. The homogeneous metal shells, which were 
fired without bursting charges, passed through the plate, and were so 
little distorted that they could be fired a second time from the same 
gun. 

Not long afterwards a valuable series of experiments was carried 
on with the 9 inch Woolwich rifle firing projectiles of different mate- 
rial and form of head, against 8 inch plates with a Warrior backing, 
the target being at first vertical and then inclined at angles of 39° and 
30° with the horizontal. Sixteen shots were fired at it vertical, all of 
which pierced the plate completely, three going clear through the 
target. Of five shots at the 39° position, two penetrated less than 
three inches, two less than four inches and one penetrated five inches. 
In these cases, though the heads were ogival, they were struck with 
a short radius (one diameter). Of fourteen shots at the 30° position, 
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none penetrated less than three inches, three were less than four 
inches, four were over seven and less than eight inches, four were a 
little over eight inches, and three were almost through the target. 
From an examination of the record there seems to be no way of 
explaining the slight penetration at 39° compared with that at 30°, 
unless it be assumed that the shot broke up earlier; it is seen, how- 
ever, that whilst the inclination had a marked effect in reducing pene- 
tration, it was not sufficient at the maximum to make the shot glance 
without biting well into the plate. 

In 1869 Whitworth made some private comparative tests between 
flat and ogival-headed shot, and found that at 45° and 30° from the 
horizontal the flat-headed shot would readily pierce a target where 
an ogival-headed one would be glanced off, but at the extreme angle 
the latter shot would bite deeply into the armor. 

In an official report made by Captain Noble in 1866, the following 
observations are made with regard to oblique impact : 

“ Let us suppose, however, that the plate has been set at an angle, 
or that the gun fires obliquely at an upright plate. The shot has then 
a tendency to glance off, and continue its motion in a new direction. 
And we shall have the following well-known proportion, viz. 

‘“‘ The force with which the shot, acting obliquely, will strike, is to 
that with which it would strike if acting directly, as the sine of the 
angle of incidence is to unity. It appears from this that the resist- 
ance of the plate increases as the value of the angle decreases. 

“We have already shown that a 44-inch unbacked plate when fired 
at direct, requires a force represented by 28 foot-tons per inch of 
shot’s circumference to ensure penetration. Let us suppose, however, 
that we place the plate in such a position that it makes an angle of 
38° with the ground. We find that the force required to penetrate 
it in this position amounts to 73.9 foot-tons per inch of shot’s circum- 
ference. We may expect, therefore, that a less force will not pene- 
trate a 44-inch unbacked plate at an angle of 38°. 

“ An experiment of this nature was actually tried by the Armstrong 
and Whitworth committee. They caused 44-inch plates to be set up 
at an angle of 52° with the vertical, and fired at them from 200 yards 
distance. It appears that the projectiles were solid steel shot of 70 
lbs. weight; that they struck with a ‘work’ of 52.7 foot-tons per 
inch of shot’s circumference, and that they failed to pass through, 
although the plate was cracked and opened at the back.” 

A few years ago, experiments were carried on at Shoeburyness 
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with 12-inch plates of wrought iron, inclined at angles of from 60° to 
53° from the horizontal, and also with a 10-inch compound plate at 
angles of from 65° to 63° with the horizontal. From these tests the 
general law was established, that when wrought-iron armor was 
beyond the power of the gun (at normal impact) deflection took place 
at about 60°, but when the plate was below the power of the gun, 
projectiles would pierce at about 50°. If the power of the gun was 
much in excess of that of the plate, penetration would be effected at 
much smaller angles. 

On the other hand, steel-faced armor caused the projectile to 
deflect more readily. When this armor was beyond the power of the 
gun, the projectile would not bite the plate at a less angle than about 
65°, but when the armor was not equal to the gun, penetration took 
place at this angle. 

Experiments carried on at Gavres led to the establishment of a 
French rule of oblique penetration quite similar to the English one, 
as follows : 

As long as the angle of incidence is not greater than 30° (that is, 
if the plate is not inclined less than 60° from the horizontal), a projec- 
tile of good material will pierce the plate, provided that the normal 
component of the striking velocity is equal to or greater than the 
velocity necessary for the projectile to pierce the plate normally. 
Beyond inclinations of 60° to the horizontal, chilled projectiles strik- 
ing the plate are broken, and if the individual pieces have not the 
force to pierce the plate normally, they are glanced off. Beyond the 
angle of incidence of 44° (46° to the horizontal) which is the point-angle 
of the ogival shot (radius 14 diameters) the projectile will not bite the 
armor, and is glanced off without doing serious damage, unless the 
normal component of the energy is sufficient to smash a hole through 
the target, in which case the target is broken through and damage is 
caused by flying splinters, although the projectile itself is carried off. 

This rule requires modification when good steel projectiles are 
used with an ogival head of two diameters, as was shown in an armor 
experiment at Meppen in 1882, where an 8-inch wrought-iron plate 
backed by 10 inches of oak and a 1-inch skin was fired at by a 5? 
inch gun with steel projectiles, the angle of incidence being 35° (55° 
inclination from the horizontal). Two shots were fired, both of which 
pierced the target fairly. Both projectiles were broken up (shells), 
while two similar ones, fired normally, went through without being 
perceptibly deformed. 
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From these various tests the following rules for the application of 
steep inclined armor may be deduced : 

If it be a question of furnishing protection against spherical projec- 
tiles, or cast-iron ones, an inclination of armor of 60° from the hori- 
zontal is of great assistance, but against rifled chilled or steel projec- 
tiles it is of no use at all. Beyond a slope of 60° the question of loss 
of space behind the armor becomes a matter for serious considera- 
tion, whilst the certainty of making a rifled projectile glance short of 
44° slope (corresponding to the angle of an ogival head of 14 diam- 
eters) is not only not established, but as improvements are made in 
the materials of projectiles and as striking energy is increased the 
chances of penetration are made more favorable. Furthermore, it is 
quite well established that, although the striking energy required to 
drive a flat-fronted projectile through a plate is quite § of that re- 
quired for an ogival point, the flat-fronted one will bite an armor 
effectively at an inclination of 30° from the horizontal. Another con- 
sideration of great importance in the application of armor to ships is 
that of weight, and it can be very well illustrated by an example. 

Suppose that a weight of 75 tons was all that could be permitted in 
armor for the protection of one side of a battery deck. This weight 
applied in vertical armor would allow a space to be covered 50 feet 


‘ long by 7 feet high with 12-inch plates, which could be pierced by 


the Woolwich 1o-inch rifle at about 800 yards. Let it be attempted 
to slope this armor at an angle of 45°, in order to gain the protection 
due to the tendency to deflect and the increased thickness caused 
by the slope. In the inclination, three factors enter into the limita- 
tions: 1st. The same length must be covered. 2d. The same height 
must be protected. 3d. No more weight can be permitted. The 
width or height of the plates instead of being 7 feet is now 9r'v feet, 
and to keep the same weight, the thickness of plate is reduced from 
12 inches to 84 inches. The energy per inch of the 10-inch projectile 
required to pierce the 12-inch plate normally is 135 foot-tons, whilst 
its actual energy is about 160 tons per inch. The energy required to 
pierce the 84-inch plate normally is about 77 foot-tons per inch, 
whilst the normal component of the 10-inch projectile striking at an 
angle of 45° is over 80 tons per inch. So nothing is gained whatever. 

It is for these reasons that steep inclination is never resorted to in 
applying armor to ships except in cases where the object to be 
attained is something connected with the actual construction of the 
ship, such as corner ports in redoubts, etc. 
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Shield Inclination. 


The first recorded experiments on armor at the inclinations in- 
cluded under this head were made by Colonels Colquhoun and Sand- 
ham in 1846, in which they used a ¢-inch plate roughly backed, and 
fired at with 8-inch shells and 32 pdr. solid shot. It was found that 
both the shell and shot were aimost invariably broken up on impact. 
(Reference has already been made to the discovery made some years 
later, that in normal fire §-inch plates would break up 68 pdr. and 32 
pdr. projectiles.) When the shot were broken the splinters were 
deflected. A 32 pdr. shot striking where a former one had hit, with 
the plate at an angle of 30° with the horizontal, passed through the 
plate and 4 feet of oak. Another 32 pdr. fired with an increased 
charge broke up, and some pieces penetrated 3 feet into the oak 
backing. 

In 1862 experiments were carried on at the Washington Navy 
Yard, using 11-inch spherical solid shot against targets inclined at 
15° with the horizontal. The first target was made up of two 43-inch 
boiler plates bolted together, with 1 inch of rubber and 7 inches of 
yellow pine as backing. The first shot tore a hole clear through the 
target 3 feet 8 inches long by 8} inches wide. Shot itself glanced off 
at an angle of 9° with the face of the plate. The second shot had 
about the same effect although it struck a weaker part of the target.- 
A second target was then tested, using two thicknesses of 1-inch 
plates with 1? inch rubber and 7 inches of yellow pine; same angle 
of inclination. The shot broke a hole clear through, 2 feet 84 inches 
long by 7% inches wide, glancing off at an angle of 9°. A third 
target was next tried, made up of two 1-inch plates with 1 inch 
rubber and 7 inches of pine backing. Two shots were fired at it with 
practically the same effect as before, large holes being smashed clear 
through, while the shot glanced off at an angle somewhat less than 
the angle of impact. The same target gave about the same result 
when hit by a 150 pdr. Parrott rifled shot. The angle of inclination 
was then reduced to 5° with the horizontal, the rubber being removed. 
The 11-inch shot made an extreme indentation of 2¢ inches for a 
length of 3 feet. The backing and 12-inch timbers in rear were 
broken. 

About the same time a test was made of the armor proposed for 
the Stevens battery. The target was made of plates varying in 
thickness from § inch to 2 inches, giving a total laminated thickness 
of 63 inches, backed by 7 inches of locust, which was strengthened 
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by iron stringers 6 inches deep (thus corresponding quite closely with 
the Chalmers disposition which marked a prominent step in the 
development of armor). Behind the backing was a }-inch iron skin, 
The inclination of the target was 273° from the horizontal. It was 
hit by two shots from a 10 inch smoothbore and one from a 100 
pdr. rifle, the penetrations not extending 2 inches in depth, whilst 
the backing was uninjured, these effects correspond quite well with 
those of the 11-inch smoothbore on the casemates of the Confederate 
ironclads ; unfortunately in both cases the guns were not worked at 
much over one-half of their full power. 

During the months of June and July, 1872, a very interesting series 
of experiments was carried on against targets representing the upper 
and lower decks of the Thunderer, the angles of incidence corres- 
ponding to angular positions of the deck of from 8° to 10°. The 
upper-deck target consisted of three thicknesses of 1 inch plates cov- 
ered with 4 inch oak, the deck being supported by iron beams 11 
inches deep by # inch thick and reinforced by 4-inch angle-irons. 
The lower-deck target consisted of two thicknesses of 1-inch plates 
covered with 34-inch oak plank and supported like the other. The 
g-inch and 10-inch rifles were used at 100 yards range, with service 
charges and shells, some of the g-inch projectiles being experimental 
steel ones with flat heads. Seven projectiles struck the upper-deck 
target, and six hit the lower-deck one: in no case did the projectile 
itself get through either at 8° or 10°, but one 10-inch shell which 
exploded on contact not only made a hole through, but drove a mass 
of dangerous splinters below. The lower plate of the lower-deck 
target was broken to pieces, and beams in both targets were broken, 
split and twisted ; in several cases rivets were driven through. In 
almost every case cracks were made completely through sufficient to 
cause bad leaks. It was noticeable that only one shell exploded on 
impact, and judging from its effects, had others done the same, much 
splintering inside would have been caused. It was considered that 
the upper-deck target was sufficiently: strong to resist g-inch and 10 
inch Woolwich projectiles at an angle of 10°, although for greater 
security a substitution was recommended of one 1-inch and one 2-inch 
plate in place of the three 1-inch ones. 

About the same time experiments were carried on at Gavres against 
targets representing the decks of the Friedland, Redoubtable, and what 
was called an English deck. The Friedland target consisted of $-inch 
steel plates covered with 44 inches of oak, and supported by heavy 
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iron T beams. The Redoubtable deck consisted of 2-inch steel plates 
covered and supported like the other. The English target consisted 
of two 1-inch steel plates covered and supported as before. The guns 
used were the 27 centimeter (10$ inch) and 22 centimeter (8% inch) 
French rifles, firing both shot and shell. 

The results as summarised in the official report were as follows: 
For inclinations between 5° and 9° the ogival 1of-inch solid shot 
ricocheted from the Redoubtable target without dangerous effects. 
Beyond these inclinations, for the Redoubtable deck, and beyond 5° 
for the Friedland and English decks, the 10} inch solid shot either 
pierced or broke and splintered the targets badly. 

Ogival and cylindrical projectiles produced equivalent effects. 

Exploding shells were extremely destructive. 

Cast-iron shells broke up before accomplishing any marked de- 
structive effect. 

The 8? inch projectile was considered powerless against the decks 
of the Redoubtable type below angles of 25°. 

In June and July, 1881, a test was made at Spezia of deck-plates 
manufactured by different firmsand inclined at angles of 5°, 10° and 15°. 
The gun used was a 25 centimeter (g# inch) Italian gun, with service 
charges and common cast-iron shells. The plates submitted were: 
one Creusot steel plate of 3 inches, one Cammel steel plate of 2 
inches, and one Saint Chamond iron plate of 3 inches. At 5° incli- 
nation the plates were slightly dished, without cracking; the shells 
ricocheted, breaking up in one case and remaining entire in two others. 
At 10° the dishing of the plates was increased to an average of about 
2 inches and were all cracked ; the projectiles broke up. At 15° all 
the plates were pierced, but the projectiles did not get through ; all 
the shells were smashed to pieces. 

In the spring of 1882, a number of 2-inch steel and iron plates were 
tested in England at an angle of 10°, using the g-inch and 10-inch 
Woolwich guns with service charges and common shells, as well as 
Palliser chilled projectiles. All the Palliser shot from both guns broke 
up on impact, breaking holes through the plates and sending splin- 
ters below, although no pieces of projectiles went through. The 
majority of the shells exploded just after impact, with a great increase 
of destructive effect over that caused when no explosion took place. 
The whole deck structure represented by the target was broken down 
by a few shots. 

The most complete tests that have as yet been made upon targets 
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at the “ shield inclination,” were carried on in March, 1883, at Copen- 
hagen, by the Danish Government. The target represented a section 
of a deck-shield proposed for a new ironclad, and was made up of 
plates at two different angles. The plates on the upper half were 2 
inch and would be horizontal in the actual deck structure, but owing 
to the great difficulty of hitting them in the experiments they were 
placed at an angle of 7°. The lower part of the target was covered 
with 4-inch plates at an angle of 24°. The plates attached to the 
target were from the three great rival armor manufacturers ; Schneider 
having submitted steel plates, Cammel, compound ones, and Marrel 
iron ones. The thin plates on the upper part of the target had no 
backing proper, thus representing the English deck system, whilst the 
thicker plates on the lower section were backed in the French deck 
style with 2 inch plank. The deck proper under the unbacked plates 
was made up of two t-inch steel plates riveted together, whilst under- 
neath the backed plates it was a single #-inch steel plate. The armor 
plates were fastened to the deck by 2-inch bolts with rubber washers 
under the nuts. 

The section of the target sloped at 24° represented the chord con- 
necting the dead-flat of the deck proper with a point at the side of 
the ship well below the water-line, and as in the vessel herself the 
compartment made by this slope was to be filled with cork, the same 
arrangement was made on the target. 














Section of Copenhagen Target. 


The dead-flat deck, represented by the 7° section, was prolonged 
with a t-inch steel plate to a second and vertical plate 4 inch thick, 
which represented the ceiling of the ship’s side. The triangular box 
thus formed over the 4-inch armor plates was filled with cork, some 
sections of which had been specially prepared so as to be fire-proof. 
The 7° section of the target consisted of three strakes of plates, 
which were secured directly to the deck plates proper, and these 
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deck plates were differently arranged under each strake. Under the 
first one the deck consisted of two t-inch steel plates riveted together. 
Under the second strake it was of single #-inch steel plates, with 
double-lapped joints. Under the third strake it was of single $-inch 
steel plates, plain butt-jointed, with seam-straps. 

Two guns were used against this target, a 9-inch Armstrong 
muzzle-loader, and a 15 centimeter (54-inch) Krupp breech-loader of 
the latest 35 calibre type. A point of great importance with regard 
to the projectile energy of these guns, which made the experiments 
of the highest value, was, that whilst the total striking energy of the 
g-inch projectile was about one-half greater than that of the 6-inch, 
the energy per inch of circumference was very nearly the same in 
both, as follows : 


Krupp. Energy per inch 123 foot-tons. Total energy 5760 foot-tons. 
Armstrong. “ 4 118 ° we 16403 ” 


The programme of experiments detailed three separate sets of tests 
to be carried on, on three days, as follows : 

1st Day. Testof the 2-inch plates forming the upper part of the 
target, with both guns, in order to test the relative qualities of the 
competing plates and the best disposition of deck. 

2d Day. Test of the lower target section. The first part of the 
test would be to determine the effect of the cork filling upon the 
direction of the projectile and upon its piercing power. For this, the 
6-inch Krupp was used, firing at the upper half of the section in 
order to get the greatest thickness of cork possible. The second 
part of the test was to determine the effect on the cork of exploding 
a shell in it, as well as to test its non-combustibility. The 9-inch 
Armstrong was used for this part of the test on the lower section of 
the cork filling, in order to get the highest shell charge and the 
greatest amount of cork over the point of explosion. 

3@¢ Day. The cork filling was removed entirely from the plates, 
and a direct test of the competing plates was made, using both guns 
with armor projectiles, having ogival, flat and dished heads. 

None of the shots from either gun produced any serious effects on 
the 2-inch plates inclined at 7°. The Schneider and Cammel plates 
were very slightly cracked, and all showed the tracks of the projec- 
tiles in glancing, but in no case was any damage done to the deck 
underneath the plates. 

Note :—No reports are available with regard to the behavior of 
the cork filling under fire. 
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The results of the competitive tests of the 4-inch plates at 24° are 
as follows : 























Schneider Plates. 


Schneider Plates. 


Shot No. 20 (Krupp 6-inch steel shot). Through the cork filling ; 
struck on the joint between the plates, breaking a small piece from 
the lower edge of the upper plate, and probably starting a crack 
(a. a. a. a.) across both plates. 

Shot No. 21 (Armstong 9-inch shell). Through the cork filling, 
exploding and opening the before-mentioned crack clear across and 
through both plates. 

Shot No. 26 (Armstrong 9-inch shot). Hit the upper plate, 
scoring it deeply. 

Shot No. 31 (Krupp 6-inch steel shot). Struck the upper plate, 
- splitting the upper left-hand corner and turning the inner edges up 
at right angles. 

Shot No. 33 (Krupp 6-inch steel shot). Hit the lower plate, 
knocking its upper right-hand corner off (a. d. b.), and starting a 
crack across the plate. 

Shot No. 36 (Krupp 6-inch steel shot). Hit the lower plate, 
knocking its upper section off the target (a. d. e. f.). 
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Shot No. 40 (Krupp 6-inch steel shot with dished head). Hit the 
lower plate, knocking the greater part of the remainder off the target. 

Summary. One-quarter of the upper plate and nearly the whole 
of the lower plate knocked off the target. No shets through ; deck 
plates underneath the armor uninjured. Upper plate hit by two 6- 
inch and two 9-inch shots. Lower plate hit by three 6-inch shots. 
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Cammel Plates. 
Cammel Plates. 


Shot No. 22 (9-inch Armstrong shell). Through the cork filling, 
and exploding without injury to the plate. 

Shot No. 24 (6-inch Krupp steel shot). Through the cork filling ; 
struck the lower plate without other damage than starting a few fine 
cracks. 

Shot No. 27 (9-inch Armstrong shot). Hit the top plate and went 
clear through the plate and deck. Hair cracks started. 

Shot No. 32 (g-inch Armstrong shot). Intended for the Schneider 
plate, but struck the Cammel upper one, going clear through the 
plate and deck. 

Shot No. 30 (6-inch Krupp steel shot). Hit the upper plate and 
broke up, part of it going clear through the plate and deck. 

Shot No. 34 (6-inch Krupp steel shot). Hit the lower plate and 














522 DEVELOPMENT OF ARMOR FOR NAVAL USE. 


broke up, part of it going clear through the plate and deck. Cracks 
started. 

Shot No. 37 (6-inch Krupp steel shot). Hit the lower plate and 
broke up, part of the shot sticking in the hole and part through plate 
and deck. 

Summary. No part of either plate knocked off the target. Two 
g-inch shots clear through, with havoc behind the deck. Portions of 
three 6-inch shots clear through, with havoc behind the deck. Three 
g-inch shots and four 6-inch ones struck the plates. 























Marret Pilates. 


Marrel Plates. 


Shot No. 23 (9-inch Armstrong shell). Hit at the joint of the two 
plates, and split the lower one across. 

Shot No. 25 (6-inch Krupp steel shot). Hit close to No. 23, 
breaking small pieces (a. a. a.) out. Not through. 

Shot No. 28 (g-inch Armstrong shot). Hit upper plate, going 
clear through plate and deck. 

Shot No. 29 (6-inch Krupp steel shot). Hit upper plate, going 
clear through plate and deck. 

Shot No. 35 (6-inch Krupp steel shot). Hit the lower plate, going 
clear through plate and deck. 
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Shot No. 38 (6-inch Krupp steel shot). Hit the lower plate, 
making a crack, but not going through. 

Shot No. 39 (6-inch Krupp steel shot, with dished head). Hit the 
lower plate, and cut out a large piece through plate and deck. Shot 
itself not through. 

Summary. A large piece of the lower plate cut out. One 9-inch 
shot clear through, with havoc behind the deck. Two 6-inch shots 
clear through, with havoc behind the deck. Two g-inch and five 6- 
inch projectiles struck the plates. 

Judgment was rendered by the Commission in favor of the Schneider 
target, which, although presenting scarcely any definite power at the 
end of the test, had successfully defended the space behind through- 
out the trial. In the results the test resembled very closely the 
Spezia trial of 1876, in which, as here, the Schneider plate was 
knocked entirely off the target, but kept the shot out; whilst the 
Cammel plate stayed on the target, but let the shot through, A great 
cry has been raised in English papers with regard to the Copenhagen 
experiments, but certainly without reason. These targets are to pro- 
tect the machinery of the ship, the most vital of all her parts. A 
single shot coming through is very liable to disable the engine or 
boilers, and thus sacrifice the whole vessel. Of what use, then, to 
contend that another shot on the Schneider plate would have gone 
clear through? Sufficient that in a fight one vessel had resisted the 
first shot, whilst the other had been pierced. Again, great weight is 
given to the fact that the Schneider target was laid bare by knocking 
the plates off; and, in truth, it is a serious matter—fully as vital in 
one case as in another. Therefore, English critics, before dwelling 
too much on this point, should remember that at the Ochta experi- 
ments the Cammel plate was knocked clear off the target at the 
second shot. It is true that in that case the fault was in the bolting, 
while at Copenhagen the fault was in the plate ; but the backing was 
laid bare all the same, and the commander of a ship that sees his side 
cleared of armor will scarcely be comforted in the heat of action by 
the thought that the fault was in the bolts and not in the plates. 
Defence of the vital parts of the ship is the object aimed at, and a 
sure defence for two or three shots is far preferable to a partial 
defence for a dozen. Sea actions are in these days short, for the gun 
is supported by the ram and the torpedo, so that it is of all things 
necessary to carry engines, steering-gear and artillery safely through 
the first shock of combat. 
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In reviewing these various tests it may be safely concluded that 
2-inch steel plates, well supported against flexure, will give good 
resistance at angles up to 9°, and possibly 10°; iron plates of that 
thickness are not safe much over 6° ; 4-inch steel or compound plates 
are scarcely safe above from 15° to 20°, although for a time a certain 
dependence can be placed in them against guns as high as 6-inch 
calibre for angles as great as 25°, beyond which shield armor 
becomes practically useless, as the same weight required for thorough 
defence may be more effectively disposed vertically, except, as a 
matter of course, certain structural advantages are to be realized 
which are not immediately connected with the defensive power of the 
armor. In all cases the armor must be stiffly backed and held up 
against flexure. This point has been repeatedly and thoroughly 
shown by the action of Hotchkiss and Nordenfeldt projectiles on 
targets representing the bows of torpedo-boats. These shots, striking 
at angles of 10° against the thin flexible plates, show plainly the 
action of the plate in giving back under the blow ; and before the local 
reaction of the plate can be brought into play the point of the shot is 
enabled to bite and slip through. 

With regard to the practical application of the “ shield protection,” 
its growth appears to have been gradual, commencing with deck 
curves given to vessels in order to obtain certain structural advan- 
tages, and developing into a distinct disposition of armor defence 
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mainly applied in what are known as unarmored vessels. It seems 
that about the first application was in the United States light-draught 
monitors in 1863, and the Eads armored vessels Kickapoo and 
Chickasaw, where the upper deck was worked with a strong curve 
both athwartships and fore and aft. The angle of the deck at the 
side of the ship on the midship section was fully 10°, making thus a 
spring of main beam more than double that of the ordinary deck 
beam. By this means of curving the deck the height of side armor 
was kept down, whilst the vertical space underneath required for 
machinery was preserved. It was intended to secure the advantages 
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of deflecting the projectiles ; but it is very doubtful if any good object 
would have been attained. The vessels were intended exclusively 
for river fighting, and it would have been impossible for them to hold 
a position against a plunging fire from high river banks. The same 
disposition was made of the upper decks of two light Austrian moni- 
tors built about 1863 for service on the Danube. 

This system of upper deck curvature was carried to its extreme of 
development in the designs of an armored ram made by Rear 
Admiral Ammen, U. S. N., about 1872, the intention being to accom- 
plish a double object by giving both the longitudinal and athwart- 
ships sections of the vessel an elliptical shape, thus securing great 
strength for ramming together with the benefits of deflective power 
in the above-water sections. A few years afterward this construc- 
tional feature appeared in the designs of the English torpedo-ram 
Polyphemus, a slight modification being introduced by carrying an 
ordinary flat deck fore and aft over the curved portion, and carrying 
up a vertical freeboard, thus securing the ordinary form of “ entrance” 























and “run” of the vessel. The extreme angle of inclination (at the 
side) at the water-line is in this vessel nearly 30°. Her armor also 
presents a novel feature in being partially composed of square plates 
of Whitworth compressed steel, reinforced by the system of bolting, 
the bolts being very hard. This arrangement is a modification of the 
system submitted for test by Whitworth in 1877, at the time of the 
test of the first compound plates. 

The English corvette Comus, designed about 1875, was the first 
vessel in which the shield inclination became a special and indepen- 
dent application. Extending over her engines and boilers, and her 
magazine, which is between the boiler and engine rooms, is an 
armored shield-deck entirely below the water-line, and having a 
slightly less curvature than was used in the light-draught monitors. 
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This shield is in no sense a deck, as the berth-deck proper, having 
the ordinary spring of main-beam, is about three feet above it, adove 
the water-line, the space between the two being avaiiable for stowing 
coal or stores. The same arrangement is applied in the Ajax type of 
ironclads, with minor modifications, such as a slightly increased 
curvature, and a greater height between decks for coal space. 





























In the design of the Italian battle-ships Italia and Lepanto, this 
curved shield appears developed to the maximum of inclination angle. 
In this case the shield is carried completely fore and aft, and in order 
to get over the cylinder-heads of the vertical engines and still keep 
the housings of the shield at the proper distance below water, the 
angle of curvature is carried to as great an extreme as is found in the 
Polyphemus. Here also the crown of the shield is below water, whilst 
the deck proper overhead is above the load-line, the between space 
being used for coal and stores. 
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The shield has now become universally recognized as a necessary 
attachment to all vessels both armored and unarmored, and the latest 
modification of it appears in the designs of the English ships of the 
Leander and Imperieuse types. In this the curved disposition has 
given way to an angular one, the top of the shield being forced above 
the water-line by the necessity for covering the tops of boilers and 
engines, whose height (where great speed and endurance are neces- 
sary, combined with a moderate draught of water) brings the top 
nearly if not quite up to the water-line. In the United States it has 
been made a matter of much discussion whether this alteration from 
a curved to an angular disposition is an improvement or a step back- 
ward. It seems, however, to be easily susceptible of proof that the 
angular arrangement presents most decided advantages. 














Let 42 CD represent the side of a vessel, the water-line being at C 

Let A represent the upper back corner of a boiler in position, and 
#7 the nearest point to this corner that a deck or any obstruction can 
come. 

Let J represent a point on the ship’s side four feet below the 
water-line, where it is necessary that the housing of the shield should 
come. 

There are two fixed points here that limit the introduction of any 
deck, be it curved or angular; D which limits the range of under- 
water protection required, and 4/7 below which nothing can come, as 
the floor of the ship and height of the boiler establish its position. 

Consider the space 7D to be cut by the section of a curved deck 
and also by a chord section. Then (since a straight line is the 
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shortest distance between two points) for a given length and thick- 
ness of shield, the chord or flat arrangement will be the lighter; or, 
what is of greater importance, where a certain allowance of weight is 
made for the shield, the chord disposition may be made thicker. 
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With regard to the effect of angular inclination, it will be noticed 
that: 1st. The mean angle of the curved section is the same as the 
constant angle of the chord. 2d. At the point J the angle with the 
horizontal which the chord makes is /ess than that which the curve 
makes, therefore it will deflect projectiles better. Now this point D, 
which is the lowest one attainable in practice, may be easily laid bare 
either by the roll of the ship or by the hollow of a wave, and the only 
additional protection offered is that of the skin and frame of the 
vessel; therefore the greatest deflective power obtainable is necessary 
at this point, and this greatest power is given by the chord disposition. 
At the point #/ the angle of the chord with the horizontal is greater 
than that of the curve, but at this point a horizontal thickness of from 
seven to ten feet of coal or other substance has been interposed, which 
effectually neutralizes any difference in angular inclination. 

In point of fact, the difference between the chord and the curved 
disposition between these two points is not noticeable to the eye, and 
can scarcely be detected by the edge of a ruler on the draft of the 
athwartship section of a 4000 ton ship made on a one-eighth scale. It 
is only noticeable in the calculations of weight and the greater work 
required in curving and fitting the plates and beams. 

The great advantage of the chord disposition, however, appears in 
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the part beyond the point #7 to the middle line of the vessel. The 
dead-flat deck connecting the two side chords shows here a very 
marked decrease of area as well as inclination angle. It is here that 
the great benefit is derived, for not only can the saving in weight 
between the two sections be utilized, but the dead-flat may itself be 
reduced in thickness as a compensation for its small angle from 
the horizontal. It has been shown heretofore that a thickness of armor 
for the shield of less than four inches can scarcely be depended upon 
at a greater angle than 20°. The average angle necessary for this 
shield is from 22° to 28°. Where a two-inch deck curved with a single 
radius is put in, the same weight would allow, with the chord disposi- 
tion, 4-inch plates on the side chords and 14-inch on the dead-flat. 
The point has been made that a curved deck greatly strengthens 
the ship in ramming as well as in general stiffness. As a matter of 
fact, the great weight required only permits the application of a shield 
covering the boiler and engine compartments. In so far, therefore, 
as ramming is concerned it has no effect at all. As for general 
strength, the shield, like the armor of an ironclad, can only be regarded 
as a necessary evil. Ships always have been and always will be built 
to possess full strength without counting the shield, which is invari- 
ably an addition and not a substitution. Such being the case, the 
question of strength only enters in so far as the deck holding itself 
up and efficiently performing the work required of it is concerned. 
Passed Assistant Engineer N. B. Clark, of the United States Navy, 
has devoted a great deal of time to the development of the curved 
system of shield deflection, making a new departure in the disposition 
by applying it to armored turrets. ‘These turrets are curved above 
and below a middle line, making a structure not unlike closed 
clam-shells. The edge angle is from 14° to about 17°. Experi- 
ments will soon be carried on with a target representing one of these 
turret sections, with a view to ascertaining the comparative resisting 
powers of this turret and an ordinary cylindrical turret of the same 
weight, a second limitation in this case being the requirement that 
both turrets shall be capable of carrying and manceuvring the same 
guns. The thickness of armor applied by Mr. Clark is 4 inches, 
while the armor of the corresponding cylindrical turret is 12 and 14 
inches, both being provided with backing. 








































Se 

















530 DEVELOPMENT OF ARMOR FOR NAVAL USE. 





Deck Inclination. 


Deck inclination is simply the extreme of shield inclination, with 
all the advantages acquired by a reduction of the angle below 5°. It 
has been seen that 2-inch plates are quite secure as protection at and 
below 5° provided they are well backed up. Although the natural 
spring of an armored deck would probably never exceed an extreme 
of 3°, it would seem necessary to add to this an angle of at least 4° 
to compensate for the rolling of a ship, this allowance being even 
below that of easy rolling in an ordinary seaway ; that is, in provid- 
ing armored decks for a vessel allowance should be made for an aver- 
age impact angle of projectiles at ordinary fighting ranges of at least 
7°. In so far as elevation of a deck above the water-line is con- 
cerned there is not so much difference in respect of the angle of 
plunging fire, which for the average height of the upper deck bat- 
teries of high-sided ships operating on a deck at the water-line 
would be only 5° at a distance of about 200 feet. Still, for low decks, 
it would seem necessary to allow an additional strength due to at 
least 3° plunging fire, making in all, the strength of armor on a deck 
near the water line necessary for thorough protection, equivalent to 
that given to shield armor inclined at about 10°. It would naturally 
seem that, in establishing the necessary thickness of shield armor, the 
same allowance should be made for plunging fire and rolling, and 
such would be the case if the shield were presented to projectiles 
uncovered as is the case with decks. Asa rule, however, shields, 
especially where arranged as a cover for boilers and engines, are 
themselves covered with coal, stores, cork filling, &c., and the addi- 
tional resistance thus offered may be taken as about equivalent to the 
increase of effectiveness of projectile due to the additional angles. 

Whilst the very moderate thickness of 2 inches of steel armor on 
a deck may be considered as giving a fairly good protection against 
guns carried on an enemy’s vessel, the rule cannot be accepted as 
universal in application. The very low freeboard of the United States 
monitors demands a greater protection, as a hole punched through 
the deck endangers the buoyancy of the ship quite as much as a hole 
through the side of a high-freeboard vessel would. The Catskill in 
her action with Fort Wagner furnishes a case in point. In this 
instance, the holes through the deck had to be stopped with shot- 
plugs while the ship was under fire. All of the monitors before 
Charleston had difficulty in stopping serious deck-leaks caused by 
projectiles, although their light deck-armor always kept the shot out 
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of the ship, and in no case would the wounds have been considered 
serious in a high-freeboard vessel. Ships intended for river service 
require an extra thickening of deck armor to compensate for the 
steep plunging fire of artillery from high banks. Judging from the 
experiments on the test plates for the Tordenskjold, cited in the pre- 
vious chapter, it would seem that a thickness of 24 inches of steel is 
about the least that can insure protection from field artillery fire. A 
new and most serious opponent of deck armor is rapidly being 
developed in the rifled mortar, whose accuracy of fire up to a range 
of 4000 yards is sufficient to make it an extremely hazardous opera- 
tion to attempt the bombardment of coast fortifications while in a fixed 
position, either at anchor or stemming a current. The havoc that 
would be made by the new missile called the Torpedo shell, dropping 
through a ship’s deck and exploding, may well be imagined when it 
is known that the projectile of this type for the 84-inch Krupp rifled 
mortar carries an exploding charge of 80 lbs. of powder. In this 
connection it is perhaps well to correct a very common error with 
regard to the striking velocity of a mortar projectile falling from a 
great height. This velocity is not, as many suppose, sufficient to carry 
the projectile right through the ship so as to punch a hole through 
her bottom. The velocity at impact is much less than that with which 
the shot left the gun, for, owing to the rapid increase of resistance of 
the air as the velocity increases in falling, the point is soon reached 
where the force of resistance is equal to the acceleration of gravity, and 
after that the velocity of the projectile is constant. Thus, for every 
shape and weight of mortar projectile there is a certain maximum 
falling velocity that cannot be increased. The resultant energy is 
not considered sufficient to carry a projectile completely through a 
ship, although in the case of the low-freeboard monitors as they were 
originally with single bottoms, it would be easily possible for one 
of the above-mentioned Torpedo shells to explode so near the skin 
as to tear off whole plates and inevitably sink the ship. This termi- 
nal or maximum velocity of falling projectiles may be assumed with- 
out great error at about goo feet per second, in estimating the strength 
of deck necessary to resist rifled mortar-fire. 


Gruson Chilled Armor. 

Although chilled cast-iron armor has not and probably never will 
be applied to vessels of war, the great success that has attended its 
introduction into coast defence fortifications, and the fact that the 
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artillery of war vessels will be brought in direct conflict with it, makes 
it necessary that its qualities and system of application should be 
understood by naval officers. Herr Gruson, the inventor of this 
system of defence, has been for the past forty or more years one of 
the most prominent iron founders of Prussia. As has been before 
stated, it is a matter of dispute between him and Sir William Palliser 
as to the credit of the invention of the chilled cast-iron projectile. 
As soon as the success of the chilled shot had been assured, Herr 
Gruson was led to the consideration of the question of armor, and he 
laid down the principle that the main point of the defence did not lie, 
as was popularly supposed, in /ocadizing the work of impact, but in 
paralyzing it. This object would be attained, first, by hardening the 
surface of the armor so as to cause the energy to react and break up 
the projectile ; second, by curving the surface so that the face of the 
armor might deflect the shot. Knowing that iron armor could only 
be hardened by accepting the accompanying fault of the brittleness, 
he adopted the plan of using a very tenacious and ductile quality of 
cast iron, which was so cast as to chill the outer surface only fora 
moderate depth. As cast iron was susceptible of being moulded into 
any desired shape, he adopted a curved profile for his plate or blocks 
which, whilst in a certain degree gaining in efficiency through the 
power of deflection, gained still more by giving to the chilled crystal- 
lization a direction such as would put the body of the metal in the 











best condition for resistance to impact, and give mutual support to 
the parts of a plate even when the latter was fractured. Another great 
advantage was gained by doing away entirely with the necessity of 
using bolt fastenings. His turrets are built of such a shape (ellip- 
soidal) as to make all parts mutually supporting, the binding of 
separate pieces being accomplished by means of zinc solder, precisely 
as bricks are bound together in a wall by mortar. 
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Exactly what mixture of ores is used by Gruson is not known, but 
an examination of the fracture of specimens from his turret plate 
shows the metal to be of the finest quality of cast iron. The fracture 
is a clear steely white from the outer surface about one-quarter of the 
depth of the casting, changing very gradually to a mottle for one- 
third farther, the remainder being a fine close-grained dark grey iron. 
There is no line of demarcation whatever between the chill and the 
soft iron, the one shading off almost imperceptibly into the other. 
The grain of the iron throughout appears as fine and close as in 
Whitworth’s fluid-compressed steel, and entirely free from flaws, thus 
exhibiting the great skill with which the casting is made; in fact Herr 
Gruson claims that he is the only iron founder in the world who can 
produce such large chills perfectly clear of flaws and surface-cracks. 

The first experiment carried on against this chilled armor took 
place in 1868, on the Prussian firing-ground at Tegel. The target, a 
casting made especially for the test, consisted of a front plate con- 
taining a port, two side plates and two covering or roof plates. It 
was not believed by the Prussian artillery officers that cast iron, 
which ordinarily offered such a slight resistance to shots, could give 
any protection whatever, so the plates were put to an extreme test at 
once, with the idea that they would crumble at the first blow. 

The front plate was hit by 22 shots from different calibred guns, 
as follows : 


Number of Shot Kind of Projectile Striking Energy. 
I. 2. 3. 15 centimeters(s.8-inch) steel solid shot. . . 927 foot-tons. 
"$6 21 a (ags*) a See aa o 
» “ “ “ = ~~ chilled hollow shot . 3960 " 
8.9.10. “ so 46 es s 6... ee “ 
II. 24 “ (9.25 “ ) steel solidshot. . . 7760 = 
12.13.14. 15. “ " « “ Chilled shell... . 7883 a 
16.17. 18. 19. 21 Ges") *  ~ » @ « ee es 
20. 23.22. “ es « = chilled solid shot . . 6871 * 


Nos. 1, 2, 3 and 4 had no effect whatever, the points of impact 
being only marked by slight indents. No. 5 made an indentation of 
t inch. No. 6 glanced into the port, breaking up and doing con- 
siderable damage inside, but with no effect whatever on the plate. 
No. 7 made an indentation 4 inch deep, slight cracks were noticed on 
the lower side of the plate. No. 8, no noticeable effect. No. 9 
Started two cracks 7{ and 9} inches long. No. 1o broke an oval 
piece from the plate, not deep enough however to be measured, being 
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a mere scale. No. 11 started two cracks. No. 12 one crack. No, 
13 increased the crack made by No. g and forced out a little of the 
zinc solder from the junction of two plates. No. 14 opened out the 
cracks made before. Nos. 20 and 21 so weakened the front plate 
that the casemate was rendered unsafe. No. 22, the upper part of 
the front plate was dislodged. Of the shots fired, Nos. 5, 11, 14, 16, 
17 and 22 struck on a surface of 24 square feet. This test was con- 
sidered so satisfactory that orders were given shortly afterward to 
submit another series of test plates. 

The Russian Government appears to have appreciated the possi- 
bilities of development of this new armor sooner than the Prussian, 
for the next test of which a detailed record was made public was 
carried on at Perm by the Russians in 1871, who, ever since the Tegel 
experiments of 1868, had been trying independently to manufacture 
these plates. In this test a large port-plate was used weighing about 
50 tons; its thickness varied from 24 inches through the centre to 12 
inches at the top and bottom, the metal being chilled for a depth of 
from 44 to 34 inches from the outer surface, then mottled for a farther 
depth of 6) inches, the remainder being the soft natural iron. On 
removing the plate from its mould it was found to have a number of 
surface cracks on the chilled face, extending in one instance to a 
depth of 3 inches. In reality then the plate was an unsound one, 
being so poor that it would have been condemned untried had it been 
other than a purely experimental one. 

Against this target were fired ten 60 pdr. smoothbore projectiles 
and seventeen g-inch rifled shot, the striking energy of the fatter 
varying from 10,000 to 16,000 foot-tons. The first seven smooth- 
bore shot made no impression on the plate, not even opening any of 
the surface-cracks, the maximum penetration being 1§ inches. Of the 
four others that were fired, two struck fairly on deep surface-cracks, 
breaking out pieces of plate, one of which weighed 72 lbs. and the 
other 430 Ibs.; these pieces were replaced and shored up in position. 
Of the first six g-inch shot fired, but one had any serious effect, its 
penetration being 14 inches, causing one of the chill-cracks to open 
to a width of half an inch. Of the other g-inch shot fired, the broken 
pieces of one were thrown back 120 yards from the face of the target; 
a second shot opened a new and serious crack { of an inch wide; the 
fourth one partially destroyed the plate, the chilled part being knocked 
off from quite a large surface, and the rest of the plate being pierced, 
although no part of the shot itself got inside. The remaining seven 
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shots were fired with the extreme energy. The first of these (No. 20) 
tore off a part of the chill. No. 21 did the same, the head of the shot 
in this instance remaining fixed in the iron. No. 22 struck on the soft 
cast iron, tore out a piece and opened new star-cracks, No. 23 in- 
creased the damage done by 22. The remaining shots each broke 
out sinall pieces. The plate itself succumbed to the guns, but the 
endurance of the target against the power of the 9-inch gun was re- 
markable, and the complete smashing of the shot in every case, with 
the violent reflection of the pieces, gave the best proof possible of the 
capability of the armor to paralyze the projectile, or force its energy to 
be expended to a very great degree in destroying and glancing, or 
reflecting the pieces of shot. 

The next experiment took place at Tegel in 1873, the target this 
time being a complete cupola, suitable for mounting a pair of 6-inch 
Krupp rifles. Before the preliminaries of this test had been arranged 
an experiment had been made in 1871-72, against a cylindrical 
wrought-iron plate turret, which had given very satisfactory results, 
and it was hoped that a parallel series of experiments might be made 
with the cupola in order to get an exact comparison of the two sys- 
tems. As the wrought-iron turret was built of unequal thicknesses in its 
circumference, the cupola was reduced considerably on both sides of 
the port and in the rear, the thickness of the port plate being made 
12} inches in order to compare as nearly as possible with the 12-inch 
thickness of the wrought-iron turret, made up of an 8-inch backed by 
a 4-inch plate. The cupola was also mounted on the same turn-table 
that had been used with the turret. 

The gun used in both experiments was the 15 centimeter (6-inch) 
Krupp, at a range of 400 yards, using all the different kinds of pro- 
jectiles common to that gun. A report of this test, made by Major 
Kiister of the Prussian artillery, contains the following statements : 

“In all, the front plate was struck 55 times, 60 per cent. of the shot 
being chilled ones ; the right-side plate was hit 13 times, 9 shots being 
chilled ; the glacis was hit 23 times, 19 shots being chilled, and the 
roof of the turret was hit twice by 11-inch rifled mortar shells, weigh- 
ing 440 lbs. each. 

“The hits on the front plate from common and long shell made no 
impression ; the chilled shot, however, made flat indents and scaled 
pieces from the point of impact, generally starting concentric hair 
cracks, although in some cases they were radial, which afterwards 
by the racking effect of following hits were lengthened and deepened 
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and finally broke the plate into several pieces. Several times, also, 
flat pieces were broke from the outside of the plate ; in no case, how- 
ever, did a single shot pierce the plate. 

“ The inefficiency of thin chilled plates was fully shown in the mor- 
tar fire received on the covering plates, which completely broke them 
down at the second fire.” 

It had been surmised that the blows of shot would crumble the 
metal into countless pieces, and that the armor would be destroyed 
by a general dismemberment. The great hardness of the metal, how- 
ever, effectually counteracted all such action, and its extraordinary 
resistance to molecular disturbance, combined with the form of double 
curvature, gives it naturally much more power in increased thicknesses. 

The test was considered by the Prussian Artillery Committee to 
have been a perfect success, but it was thought that farther experi- 
ment was necessary, since it appeared that as yet the possibilities of 
the system had not been exhausted, as improvements in form of pro- 
file and increase of thickness might lead to still better results. 

Shortly afterward Herr Gruson built a turret at his own expense 
and offered it to the German Government for test. The turret was 
intended for a field-work, to hold two 15 centimeter (6-inch) guns. 
The inside diameter of the cupola was 15 feet; the maximum thick- 
ness of the port plates was 214 inches, and that of the side and rear 
plates was 15] inches. The total weight of the cupola itself (exclu- 
sive of glacis) was 95 tons. The Government accepted Gruson’s 
offer and decided to carry out the test as closely as possible in accor- 
dance with the actual circumstances of siege operations. It was esti- 
mated that in a thirty days’ siege the armor of the cupola would be 
hit between 1000 and 1500 times, and it was therefore considered 
absolutely necessary that a quadrant of the experimental cupola 
should sustain 200 hits from long shell fired from the 15 centimeter 
gun at a distance of 1200 yards. 

If the turret successfully resisted this attack, it should be submitted 
to another test with the 17 centimeter (63-inch) gun. The siege corps 
was to be provided with heavy siege guns, so that the experiments 
once commenced, the proper time was to be taken to bring the guns 
into position as in actual service at a distance of 1200 yards, The 
preliminary shots were to be followed by a second series with 150 
chilled shell. Finally, as it was considered possible that a heavy 
coast-gun of from 100 to 120 cwt. might be brought into position in 
the approaches as close as 1200 yards, a third plate was to be fired 
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at with 20 chilled shot from the 17 centimeter (6} inch) gun, and last 
of all, the covering plates were to receive 5 shots from the 28 centi- 
meter (11 inch) mortar. 

The preparations being completed, the first series was commenced 
May 4th, 1874, in exact correspondence with the programme. The 
port-plate received 193 direct hits, of which one-third struck on the 
slightly curved part of the plate above the port and the remainder 
below the port. They were distributed in about equal proportions 
all over the plate. Major Kaster’s report of this test states: 

“ The result of this first part of the experiment was satisfactory, the 
turret at the close being as sound as ever. At the 33d shot a piece 
of metal about 2+ inches wide had been knocked from the right edge 
of the right port. At the 7oth shot, a fine crack was observed run- 
ning from the injured spot inwards, but not completely through; 
this crack did not subsequently alter. 

“The effect of oblique hits on the plate was only noticeable from 
indents of about { of an inch, the point of impact was often undistin- 
guishable, and in cases could only be distinguished by a slight dis- 
coloring.” 

Next, the part of the cupola between the ports was hit by ten 15 
centimeter (6-inch) chilled shell having a striking energy of about 
1800 foot-tons. These shots had no effect whatever on the target. 

Firing then commenced with the 17 centimeter (63-inch) gun, with 
a striking energy of about 3750 foot tons. The sixth shot started a 
fine crack about 1ot inches long, which was lengthened at top and 
bottom by succeeding shots. At the eighth shot, the left corner of 
the plate was completely carried away, in spite of which, although a 
serious injury to the upper girding was sustained, the twelve follow- 
ing shots could not bring the plate a single step nearer breaching. 

A return was made to the 15 centimeter (6 inch) gun with chilled 
shot, and 75 shots were fired. The eleventh shot of this series started 
a crack between the ports, but in spite of this, at the close of the 
bombardment the plate was in no manner breached. This plate had 
received in all : 


No. of Hits. Kind of Projectile. Striking Energy. 
193 15 centimeter (5.8 inch) long shell. 1550 foot tons. 
20 17 (6.75 inch) chilled shot. 3750 foot tons. 
75 15 a (5.8 inch) chilled shot. 1800 foot tons. 


or 288 shots with a total striking energy of 508,150 foot-tons, 
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Major Kister reports on this result, “that the plate could without 
doubt have resisted a much greater number of shots. Farther, as 
this plate has offered a surprising resistance to 17 centimeter armor- 
piercing shot, and afterwards withstood a great number of 15 centi- 
meter chilled shot, it appears that the front plate not only fulfilled 
all the requirements of the programme, but showed itself much 
superior to the expectations formed of it, and therefore well worthy 
both in shape and power of resistance to serve as a model for farther 
construction of this type.” 

The weaker side plates were almost as perfectly successful. First, 
the right side plate was hit 65 times with chilled 15 centimeter shots 
(striking energy 1800 foot-tons), which, although they made cracks 
running crosswise and completely through the plate, did not succeed 
in loosening a single piece. The left side plate which was chilled 
harder than the right was also hit 64 times, giving results precisely 
similar to those against the other side. A farther bombardment of 
the right side plate with 70 chilled shot (15 centimeter) ended by 
making a breach. 

The covering plates broke down as badly under the mortar fire as 
they had done in the previous test, so that the committee recom- 
mended the substitution of wrought-iron plates for this part of the 
cupola. 

As a direct result of the first experiments made in 1868 the Prus- 
sian War Office had given Gruson an order for the construction of a 
large battery or fort of chilled cast iron for the defence of the mouth 
of the Weser, built on a shoal called the “ Langlutjensand,” and 
rules were laid down for the test of the plates previous to reception. 
The conditions of the test were that a port-plate should be fairly hit 
close to the port by two chilled shot fired from a 28-centimeter (11 
inch) Krupp rifle, with the service charge, at a range of 760 yards, 
without disabling the plate and without making such serious cracks 
as would endanger the life of the plate. This programme was 
entirely different from the ones previously made, as the service which 
the plates would be called upon to endure was of a different nature. 
In the case of inland defences, the turrets or forts would be submitted 
to a great number of shots from guns of comparatively light power, 
whilst coast defences would have to resist a few shots from the 
heaviest guns. 

The fabrication of the plates was completed in 1873, and the trial 
port-plate was put up in position. Its maximum thickness was 33 


















































DEVELOPMENT OF ARMOR FOR NAVAL USE. 539 


inches, the average weight being 27 tons per square yard. The 
result of the test surpassed all expectations. The entire effect of the 
first shot, with a striking energy of 14,432 foot-tons, consisted in start- 
ing a fine hair crack, thereby showing not only the great power of 
paralyzing energy, but also an extraordinary resistance to molecular 
disturbance. The effect of the second shot, which struck almost in 
the same spot as the first, was to start two cracks one-tenth of an 
inch wide, of which but one was visible at the back of the plate. 

The plate having thus fulfilled the requirements of the contract a 
great desire was manifested to try a third shot in the same place, the 
effect of this additional blow being to cause the starting of a fine 
crack from the point of impact to the edge of the plate and to open 
one of the other cracks somewhat wider. 

These remarkable results determined the government to test a 
second port-plate to failure, the same gun and charge to be used. 
This plate was precisely similar to the other. The two first shots 
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had no effect whatever ; the third started a crack (No. I) which was 
visible on the interior of the plate. The fourth continued this crack 
down the lower part of the plate (No. II), thus splitting it in two. 
The fifth started another crack (No. III); the sixth and seventh had 
no effect whatever ; the eighth started another crack (No. IV); the 
ninth and tenth had no effect whatever. 
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Six months after this test it was determined to again try to breach 
the same plate, and nine more shots from the same gun were fired, 
which, although they gave to the exterior a very much battered 
appearance and opened a few more cracks, could not effect a breach. 
No single armor-plate had ever before been subjected to such a test, 
and in no case where armor had been submitted to equal striking 
energies had the plates offered such thorough protection after ten 
shots as this had after nineteen. A striking peculiarity is noticeable 
in this plate, in which the cracks were so distributed as in cases to 
separate the plate into distinct blocks, but in no case were these 
blocks driven in. The shape of the exterior face having determined 
the direction of the granulation of the chill, the cracks all tended to a 
common axis passing through the centre of figure. The rear surface 
of the distinct blocks was thus smaller than the front one, giving the 
block a very slight wedge shape. This, with the great weight of 
the superincumbent mass, held the whole body together. 

A test had been prescribed for the covering plates of this fort. In 
setting up the test-plate it was so arranged that its front half could 
only be hit at an angle of about 5° at a distance of 2100 yards. 
By giving a slope of about 15° to this forward half, a striking angle 
of 20° was obtained, so that the shot fired with the reduced charge 
corresponding to a range of 2100 yards would have a striking energy 
normal to the plate of 1886 foot-tons. Five shots in all were fired at 
it, none of which breached the plate, although they all started 
through-cracks. 

In December, 1882, a very interesting experiment was made with 
a plate which had been condemned on account of surface-cracks made 
in casting. The maximum thickness of the plate was in this case only 
17% inches. The flaws on the surface consisted of one chill-crack 173 
inches long by rés of an inch wide; a second chill-crack ,°, of an 
inch wide and deep; and an indent caused by a defect in the mould, 
r$s inch deep and xs inch wide. The gun used was a Krupp 15 
centimeter, with steel projectiles having a striking energy of 1200 
foot-tons. Shot No. 1 struck 9° from the normal, making an indent 
one inch deep; no cracks; shot broke up. Shot No. 2 hit near the 
flaw, with the same effect as the other. Shot Nos. 3, 4, and 5, same 
effect. These shots seemed to prove that chill-cracks had no effect 
in weakening the plate, provided that they did not go through to the 
soft iron. Shots 6 and 7, no effect. No. 8 started a light hair-crack 
6 inches long. Five more shots were fired, making two more hair- 
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cracks, but not disintegrating the plate at all. The plate thus 
thoroughly withstood a total striking energy of 16,000 foot-tons. 
Nine of these shots struck within a rectangle of 24 inches by 15 
inches, with a total energy of 11,261 foot-tons. 

There is no published account of any experiment made in salvo 
firing, and it seems odd that no test of the kind should be made, 
especially on the light cupolas built for inland defence, as they would 
be much more liable to attacks of salvo firing than coast- forts, and in 
these cases molecular disturbance might be set up. The record of 
the experiments cited, however, shows a wonderful power of resistance 
for cast iron when properly treated, and the question naturally arises: 
If by means of the chilled surface such a high power of resistance can 
be attained, is it not fair to look to a corresponding development in 
compound and steel armor, where, starting with better zafura/ quali- 
ties for a backing or inside surface, a very hard outer surface may be 
obtained either by tempering or by the manufacture of hard-surface 
plates, to be welded on? In Whitworth’s fluid compressed steel a 
great advance already has been made in the quality of plates for 
armor. It would seem that either through a development of this 
system, or a combination of fluid compression with some other 
mechanical device, armor could be kept where it appears to be at 
present—in advance of artillery power. 

The drawback to the applicability of Gruson armor to vessels of 
war is the great weight, made necessary for a turret sufficient to cover 
the large guns used. In the form of flat plates, such as would be 
used for side armor, the whole advantage of the chill is lost, for the 
crystallization is in a wrong direction, the grain being non-supporting. 
This fault is manifested very plainly in the chilled projectile, whose 
point may be carried through many inches of iron or compound 
armor without deformation, whilst a light blow with a sledge-hammer 
on the side of the point would knock it off completely. Gruison has 
designed turrets for small gunboats, intended to shield 6-inch guns, 
but it is doubtful if he himself would advocate the turret for guns of a 
higher calibre, as the great weight would call for most serious sacri- 
fices in the other qualities of a vessel. 

From the experiments carried on in Germany it has been found 
that the thickness to give thorough resistance varies quite closely 
with the fourth root of the striking energy, and the following formula 
has been adopted for ascertaining the maximum thickness of a port- 
plate : 

d=0.12 /m.t., 
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m. t. being the striking energy in metre-tons and d the thickness in 
metres. For side plates the coefficient is 0.11, and for glacis 
plates 0.08. 

By referring to the Spezia trials of 1876 it will be noticed that two 
of the targets fired at were provided with chilled-iron plates. A 
serious error was, however, committed in their disposition, as they 
were placed behind, instead of in front of, the wrought iron, thus in 
all probability tending to the same effect as was produced afterwards 
in the tests of compound armor, where a shot that produced but a 
slight effect against the face of the plate pierced completely when 
fired against the back. In any event, however, the faulty crystalliza- 
tion of the block rendered it too weak to withstand a blow from the 
100-ton gun, although the resistance offered by the hard metal to the 
first impact might have so far reacted on the projectile as to keep it 
from getting through the target. 

It will be readily seen what great advantages are realized in the 
application of this chilled metal to inland fortifications. The material 
and the manufacture are both comparatively cheap. Masonry is 
avoided almost entirely, a condition that cannot obtain where 
wrought-iron plates are used for armor. Sections of the most com- 
plicated forms of double curvature can be cast without difficulty, 
whilst compound, iron, and steel plates must be limited in shape to 
single curvature. As weight is a matter of secondary importance in 
fortifications, the thickness of the blocks can be carried as high as 
desirable without great embarrassment either to the designer or the 
manufacturer. A matter of the greatest importance to Americans is 
the fact that it is an easier matter for manufacturers to /earn to make 
chilled cast plates than to develop either wrought iron or steel. The 
cost of the plant necessary for the heavy castings is less than would 
otherwise be the case. As has been seen from the quoted tests, plates 
containing chill-cracks and other imperfections still may be con- 
sidered as offering good defence, so that a lower standard of excel- 
lence may be permitted in the first attempts of manufacturers. 
Finally, for a given expenditure of money a much more extended 
defence may be realized than with other systems of armor. That 
these advantages are beyond the region of speculation needs no 
better proof than the action of Germany, Russia, Holland, Italy, 
Austria, and Belgium—all of which nations are actively engaged in 
the construction of this type of defence for their frontiers. 
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VIL. 
ARMOR MANUFACTURE. LAWS OF PENETRATION. 


However carefully and systematically the effects of projectiles 
on armor may have been studied by the light of firing-ground work, 
the knowledge gained will be but crude without the attainment of a 
certain degree of familiarity with the constitution of the metal of the 
plates, the phenomena attending their manufacture, and the methods 
employed in bringing about desired results. Something more is re- 
quired than a knowledge of the simple definitions of the terms smelt- 
ing, puddling, tempering, annealing, welding, wire-drawing, &c.; and 
no true estimate can be made of the value of the developments that 
have led to the creation of soft wrought iron and homogeneous metal 
plates; chilled cast-iron blocks; Whitworth, Schneider and Terre Noire 
metal ; and compound armor ; except an idea be given of the internal 
changes and arrangements which take place in the metal when sub- 
mitted to the different processes. 

The material of which all armor-plates are made comes from the 
common metal basis, iron; and the qualities which the different kinds 
of plates possess are primarily due to the amount of carbon present 
in combination with the pure metal and the arrangement of the com- 
bination of carbon and iron. Dr. Percy states in his Metallurgy 
of Iron: “ The influence of this element (carbon) in causing varia- 
tion in the physical properties of iron is one of the most extraordinary 
phenomena in the whole range of metallurgy. Under the common 
name of iron are included virtually distinct metals, which in external 
characters differ far more from each other than many chemically dis- 
tinct metals. When carbon is absent, or only present in’very small 
quantity, we have wrought iron, which is comparatively soft, malle- 
able, ductile, weldable, easily forgeable, and very tenacious, but not 
fusible except at temperatures rarely attainable in furnaces, and not 
susceptible of tempering like steel; when present in certain propor- 
tions, the limits of which cannot be exactly prescribed, we have the 
various kinds of sfee/, which are highly elastic, malleable, ductile, 
forgeable, weldable, and capable of receiving very different degrees 
of hardness by tempering, even so as to cut wrought iron with facility, 
and fusible in furnaces; and lastly, when present in greater propor- 
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tion than in steel, we have cast iron, which is hard, comparatively 
brittle and readily fusible, but not forgeable or weldable.” 

These metals contain other substances more or less affecting their 
qualities; chiefly phosphorus, silicon, sulphur and manganese; but 
all of these substances play but a subordinate part in the constitution 
of the metal itself. With regard to the absolute amount of carbon 
present in the metals and the effects which it produces, the German 
metallurgist Karsten lays down the following laws: It is considered 
that the maximum of carbon with which iron can combine is 5.93 per 
cent. When combined with carbon not exceeding certain limits, iron 
increases in tenacity and consequently in elasticity ; as also in malle- 
ability, ductility and hardness. The last property is increased by 
sudden cooling after heating ; and when it is considerable, as is the 
case in all iron containing more than from 0.2 to 0.25 per cent. of 
carbon, the metal is designated steel. The more free iron is from 
foreign matters, especially silicon, sulphur and phosphorus, the 
larger is the amount of carbon required to induce hardness by this 
treatment. The passage from iron into steel is so gradual and insen- 
sible that it is impossible to pronounce where one ends and the other 
begins. When, however, the carbon reaches 0.5 per cent. and other 
foreign matters are present in small quantity, iron is capable of being 
hardened sufficiently to give sparks with flint, and may then be re- 
garded as steel. But in the case of iron perfectly free from foreign 
matters, not less than 0.65 per cent. of carbon is required to induce 
this property. Iron containing from 1 to 1.5 per cent. is steel, which, 
after hardening, acquires the maximum hardness comdined with the 
maximum tenacity. When the carbon exceeds the highest of these 
limits, still greater hardness may be obtained, but only at the expense 
of tenacity and weldability. With 1.75 per cent. of carbon, weld- 
ability is almost completely lost. With 1.8 per cent. iron may still 
with great ‘difficulty be worked and drawn out under the hammer, 
and although very hard, it yet retains considerable tenacity. When 
the carbon rises to 1.9 per cent. or more the metal ceases to be malle- 
able while hot ; and 2 per cent. seems to be the limit between steel 
and cast iron, where the metal in the softened state can no longer be 
drawn out without cracking and breaking to pieces under the 
hammer. 

Before going farther it is necessary to get a full comprehension of 
the meaning of the terms used to express the different qualities. 
Malleability is the property of permanently extending in all direc- 
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tions without rupture, by pressure (as in rolling) or by impact (as in 
hammering). It is opposed to brittleness, which is the property of 
more or less readily breaking under compression, whether gradual or 
sudden. Malleability may be much affected by temperature, as in 
copper, which is malleable cold and up to a certain low heat, beyond 
which it becomes very brittle. Pure iron continues malleable even 
when near its point of fusion. Malleability is also affected by mole- 
cular condition. Thus, both iron and steel may lose their mallea- 
bility by being hammered and rolled, and can only regain it by being 
heated to a certain point. When malleability is thus lost it is restored 
by what is termed annea/ing, or raising the metal to a high tempera- 
ture and allowing it to cool very slowly. 

Ductility is the property of permanently extending by traction, as 
in wire-drawing. Although all ductile metals are necessarily malle- 
able, yet they are not necessarily ductile in the same ratio of their 
malleability. Thus, iron is very ductile, and may be drawn out into 
very fine wire; but it cannot, like some other less ductile metals, be 
hammered or rolled out into extremely thin sheets. 

Tenacity is the property of resisting rupture by traction. 

Toughness is a term nearly allied to tenacity, and denotes the 
property of resisting extension or fracture by tearing or bending. 
Thus, steel, whether perfectly hard or of the softest temper, resists 
flexure with equal force, when the deviations from the natural state 
are small. When its hardness is moderate it is capable of consider- 
able curvature without alteration of form or breaking ; and this quality 
is called toughness, and is opposed to rigidity and brittleness on the 
one side, and to ductility on the other. 

Softness is the property of easily yielding to compression without 
fracture, and not returning to its original form after the removal of 
the compressing force. It is opposed to e/asticity. 

The brittle metals in common use always exhibit a well-marked 
crystalline structure, and when a fused metal is allowed to cool 
slowly it naturally is in a condition favorable to crystallization, while 
rapid cooling has the contrary effect. This effect is strikingly 
apparent in the treatment of gray pig-iron. If a portion of this 
metal be allowed to run from a furnace upon a cold slab of iron, so 
as to be cooled with extreme rapidity (chilled), its fracture will show 
a fine close crystallization ; while if another portion from the same 
run be poured upon a hot slag, its fracture will show very large 
crystals, so different from the other as to appear like a different 
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material. As all iron is highly crystalline, it can be readily under- 
stood why pieces, which have been frequently and strongly heated, 
or which have been forged into large masses, and consequently have 
been subjected during a considerable time to a high temperature, 
should tend to become largely crystalline in structure. The opera- 
tion of hammering iron while strongly heated, and during cooling to 
a certain degree, will obviously interfere with the action of the forces 
which determine crystalline arrangement, and may, consequently, be 
expected to diminish the size of the crystals. But in the case of large 
masses it will be difficult to affect the metal far below the surface, 
unless a very heavy hammer is employed. Thus, when the exterior 
may be cooled down to redness, the interior must still be at a much 
higher temperature, it may be white hot; so that on subsequent 
cooling, after the cessation of the blows, the particles in one part of 
the mass will be in a condition to assume a more largely crystalline 
structure than those in another part. It is this which constitutes one 
of the main difficulties in large forgings ; and it cannot be overcome 
by continuing the hammering until the metal in the interior is suffi- 
ciently reduced in temperature to prevent the formation of large 
crystals in that part ; for, if the metal on the exterior were hammered 
at too low a temperature, it would become brittle and tender. This, 
however, applies to iron and not to steel, or to iron containing any 
sensible proportion of carbon, as will appear farther on. 

When iron is hammered cold, especially in various directions, the 
crystals of which it consists will obviously become more or less dis- 
aggregated, and therefore the strength of the metal will be diminished. 
The larger the crystals the more easily will the iron break; for, as 
fracture will occur in the direction of least resistance, which is that of 
the cleavage planes, it will be facilitated in proportion to the size of 
the planes. 

It is frequently remarked as a phenomenon, that a bar of rolled iron 
when bent slowly to fracture, will exhibit a fibrous texture, while the 
same piece broken sudderly shows a strongly crystalline texture. In 
reality there is no marked phenomenon about it. By the operation 
of rolling, the crystals are drawn out in one direction into wires as it 
were, and the resulting bar will be composed of parallel and continu- 
ous bundles of such wires. But the crystalline structure is not thereby 
obliterated. Time plays a most important part in determining the 
character of the fracture. When the metal is broken with extreme 
rapidity, there is no time for the exercise of the property of ductility, 
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and the fracture will be necessarily crystalline; when rupture is 
slowly produced, there is ample time for ductility to act; and during 
the bending of the bar, the crystals of the convex side, in the place of 
flexure, actually undergo a process equivalent to wire-drawing, and so 
tend to develop fibre on fracture. 

The property of wedding that iron possesses is excellently described 
by Dr. Percy as follows : 

Iron has one remarkable and very important property, namely, that 
of continuing soft and more or less pasty through a considerable range 
of temperature below its melting point. It is sufficiently soft at a 
bright-red heat to admit of being forged with facility, as every one 
knows ; and at about a white heat it is so pasty that when two pieces 
at this temperature are pressed together they unite intimately and 
firmly. This is what occurs in the common process of welding. 
Generally, metals seem to pass guickly from the solid to the liquid 
state, and so far from being pasty and cohesive at the temperature of 
incipient fusion, they are extremely brittle and in some cases easily 
pulverizable. But, admitting that there is a particular temperature 
at which a metal becomes pasty, its range is so limited in the case of 
the common metals, that it would be scarcely possible to hit upon it 
with any certainty in practice ; or if it were possible, its duration would 
be too short for the performance of the necessary manipulation in 
welding. Besides, there is another condition that might interfere with 
the process. In order that union should take place between two con- 
tiguous surfaces of a metal, it is obviously essential that they should 
not be covered with any infusible matter, such as scale due to oxida- 
tion. In heating iron to the welding temperature, a scale is formed, 
which may be immediately converted into very fusible and liquid sili- 
cate of protoxide by throwing a little sand over it, when welding may 
be effected, the silicate being squeezed out during the operation, and 
clean metallic surfaces brought together. Every blacksmith resorts 
to this simple expedient of using sand as a flux. But in the case of 
some of the common metals, it would not be very easy, or indeed 
practicable to find a suitable flux and to insure this condition. A 
piece of iron at a welding heat cannot be exposed to the atmosphere 
for an instant without acquiring a coat of scale, so that the use of a 
flux to liquefy it is absolutely necessary. 

With regard to the terms Scale, Fux, and Slag, many who have 
made no special study of metallurgy have but a vague idea of their 
meaning, although no description of the manufacture of armor-plates 
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can be rendered intelligible without a knowledge of the terms. By 
scale is meant the film or coat of oxide that is formed on the surface 
of a metal when exposed to the air. The hotter a piece of metal is 
the quicker scale will form, and as it is almost infusible and very hard 
in character it prevents welding, by interposing its hard surface 
between the pasty surfaces of the pieces to be welded. Flux is the 
term applied to any material or mixture that will assist fusion. Thus 
sand is a flux for hot iron, as, when it comes in contact with iron scale, 
the action of the heat will fuse or melt the combination almost in- 
stantly, although the same heat would have no effect on the scale alone. 
The melted combination will run off the surface of iron, leaving it clean, 
and when this melted combination cools it is called s/ag or cinder. 
Different refractory substances require different fluxes to melt them, 
and this will be noticed in the process of sme/ting different iron ores; 
this technical term meaning simply melting with the aid of a flux. In 
order to get the pure iron from the ore as it comes from the mines, the 
whole mass is melted together, and as some of the rock in which the 
iron is imbedded, or the scale with which it is covered, is very refractory, 
the flux is thrown into the furnace to help melt it. In the liquid state, 
the different substances of course arrange themselves in the order of 
their specific gravities and thus the metal is separated from the slag. 
Since scale consists of good iron that has been affected by the oxygen 
of air, and since it is a source of waste by being turned into slag, it is 
readily seen how important it becomes to prevent the formation of 
scale in furnaces. This point being made clear, the differences in 
processes of manufacture of metal for armor can be understood. 

As has been stated, the qualities which different kinds of plates 
possess are primarily due to the amount and arrangement of the car- 
bon contained in the iron ; and this is the most important point of all 
to be considered. Carbon exists in iron in two distinct combinations : 
1st, as a simple mechanical mixture under the form of graphite, just as 
nitre exists in gunpowder. 2d, as a chemical combination making 
steel. Now, by different operations, a given amount of carbon may be 
made to enter the iron chemically or mechanically, and when there, 
it may be made to change from one condition to the other, or to 
divide partly in one and partly in the other. This is the secret of the 
different qualities given to the metal basis iron by combination with 
carbon, and to it is due the great confusion that has always existed as 
to the boundary line between wrought iron and steel; for iron may 
contain as much as 0.65 per cent. of carbon without showing a single 
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quality inherent to steel, thus being purely wrought iron ; and again it 
may contain only 0.15 per cent. of carbon and still be clearly steel 
according to all the definitions of that metal. A singular and impor- 
tant feature with regard to carbon is this: Under the form of graphite 
it is of course a mechanical mixture, distinct from 1 ion, and it 
would be naturally supposed that when the iron was melted, the 
graphite, being lighter, would float on the surface. This is not the 
case, however, for it becomes dissolved in the molten mass. Taking 
for example a mass of molten cast-iron: It may be defined as a satu- 
rated solution of carbon in iron, with an excess of carbon in a state of 
mechanical mixture, or in other words, it is steel containing carbon in 
mechanical mixture. From this molten mass may be created either 
white or gray cast iron without removing any ofthe carbon. This is in 
a great measure determined by the conditions of solidification. Rapid 
solidification favors the retention of carbon in the combined state, thus 
forming white cast iron, which is carburized steel with a small amount 
of mixed carbon. Slow cooling on the other hand allows the carbon 
to return to its condition of graphite, making gray iron, which is 
slightly carburized steel with much mixed carbon. In the case of 
Gruson chilled plates the phenomenon is made beautifully apparent. 
The metal of one plate all comes from the same furnace-charge and 
the carbon is equally arranged throughout the molten mass, After 
cooling, however, the chilled side is the highest of white iron, gradu- 
ally changing to mottled, and then to gray. If pieces from the differ- 
ent sections were analyzed they might be found to all contain the 
same absolute amount of carbon. This is a very important point ; no 
part of the block is steel proper, for it contains too much carbon. If, 
as some have supposed, the differences in the metal were due to a 
transfer of carbon from one part to another, the result would be en- 
tirely different, for in that case, the portion containing the most carbon 
would be cast iron shading into steel, and finally to wrought iron. 
The definition of cast iron is given above as steel containing carbon 
in mechanical mixture. Therefore, if the excess of carbon be driven 
out of the metal altogether, steel will be the result. This being done, 
the carbon remaining has the same tendencies to be affected by rapid 
and slow cooling as before, with the sole difference that the tendency 
may not be made apparent by the actual formation of graphite. This 
is of course natural as the surplus which made the graphite was 
driven off. Although not thus apparent, it is made evident by an 
alteration in the properties of the steel itself, and the conditions of 
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cooling by which the properties are changed are called /empering 
and annealing. Rapid cooling is called tempering and slow cooling 
is called annealing, and a piece of steel is hardened when it is tem- 
pered and softened when it is annealed.* 

The phenomena of tempering and annealing are clearly described 
by Naval Constructor Barba of the French Navy, in an excellent 
little treatise on the Use of Steel for Constructive Purposes. His 
remarks are as follows : 

“When any metal is tempered, that is to say, rapidly cooled, the 
external layer cools first, and it does this all the quicker as the differ- 
ence in temperature between the body and the liquid in which it is 
immersed is greater. The conducting power of the liquid used has, 
also, a great influence on the rapidity of cooling ; tempering in mercury, 
for instante, will be more intense than tempering in water. 

“ This cooled external layer contracts and presses strongly on the 
inside, which is yet at a high temperature; reciprocally, it receives 
from the inside the same pressure. Another phenomenon is a conse- 
quence of this contraction ; in order to contain the internal volume, 
the external layers must stretch at the expense of their elasticity ; if 
the tempering has been intense enough they may exceed their limit 
of elasticity and stretch permanently. If tempering has been incom- 
plete or slight, this limit not being reached, the extension will be but 
momentary, and will disappear when cooling is complete. 

“It is known that these phenomena are practically taken advan- 
tage of to break cast-iron blocks, which could not be easily affected 
by blows; they are heated red and cooled in a stream of water. The 
external surface contracts and passes its elastic limit; as it is capable 
of only slight stretching before breaking, cracks show themselves on 
the surface, and a comparatively slight blow is sufficient to break the 
block into several pieces. 

“During the second period of tempering, the cooling spreads to 
the centre. In their turn, the central fibres contract on account of the 
lower temperature; but they are bound to the external fibres which 
have exceeded their limit of elasticity; they must then stretch 
at the expense of their elasticity as they contract ; they at the same 
time cause a contraction of the external fibres. 


* There is much in the association of ideas, and the writer has long treasured 
a grudge against good old Dean Swift for causing a confusion as to the appli- 
cation of terms, in that he did not consult his dictionary before giving to the 
world that beautiful sentiment so absurdly expressed: ‘“‘ He tempereth the wind 
to the shorn lamb.” 
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“A tempered body is, therefore, subjected to direct forces which 
are balanced by molecular tensions. The forces which exist after 
tempering can be exhibited by suppressing a part of them. If a bar 
of tempered iron, squared on all sides, is cut in two longitudinally in 
a planer, care being taken to hold it in an invariable position, each of 
the pieces assumes, when left to itself, a curved form, the concavity 
of which is on the planed side. This form demonstrates a tension in 
this part, resulting from the second period of tempering. The forces 
brought into play in the first period would have produced the opposite 
effect if they alone had acted. 

“ Bodies increase in volume slightly when they are tempered ; under 
the influence of an internal pressure a bar of iron behaves like any 
homogeneous body subjected to deformation by an internal force ; it 
tends to assume the spherical form. The direction in which the increase 
takes place, however, depends upon the effect of previous treatment 
of the molecules. Ina rolled bar, the crystals are elongated in one 
direction, therefore the first operation of tempering causes them to 
pass their elastic limit in this direction first, and so after tempering the 
bar is permanently elongated. A hammered bar may on the other 
hand be enlarged in width and height. 

“Tempering should produce these effects in homogeneous bodies 
only, the composition of which does not vary with the temperature and 
pressure. In steels and other carburized irons, tempering is compli- 
cated by the presence of carbon, the solution of which it partly brings 
about, It is difficult to know whether the increase in volume observed 
in tempered steel is to a certain extent modified by this solution; by 
continuing the comparison between the laws of solubility of solids in 
liquids (Barba had previously shown that the laws of solubility of car- 
bon in iron were the same as those of solids in liquids generally), we 
may suppose that the increase in volume does not result from this 
cause ; for a solution never has a larger volume than the total volume 
of the bodies it contains.”’ 

The solution brought about by tempering steel produces a body 
endowed with properties different from those it possessed before 
tempering ; but this body, at the time of sudden cooling, is always 
under the influence of the phenomena we have just explained. The 
pressure resulting from the two phases of tempering maintains in 
solution a part of the carbon that would have become separated by 
slow cooling ; this portion will be greater as the pressure is stronger, 
and the tempering more rapid. 
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If a non-homogeneous body is tempered, composed for instance of 
steels at different degrees of carburization, the action will be complex; 
it seems probable that, when the body is hot, the carbon will be dis- 
tributed a little less irregularly, and that this dissemination can 
increase only under the pressure of the cooled external fibres. If we 
suppose this body represented by different tints according to its 
amounts of carbon in different parts, the lines of demarcation, instead 
of being decided as in the original state, will be blended after tem- 
pering. 

This phenomenon of transfusion of carbon through iron or steel 
heated to a sufficient temperature is well known. A bar heated with 
charcoal is cemented, or dissolves carbon, first on the surface, then 
more deeply, and finally to the centre if cementation lasts long 
enough. 

When steel is subjected to different degrees of tempering, the 
carbon is kept in solution in a much larger proportion as the temper- 
ing is more energetic. With each class of steel there should corre- 
spond a degree of temper at which the maximum effect is produced, 
that is to say, when tempering would cause the solution of all the 
carbon contained in the steel. If the effort of contraction were the 
same for all steeis, the intensity of temper producing this effect should 
increase with the degree of carburization. But the contraction or 
pressure due to rapid cooling is generally insufficient to produce this 
result. The more the rapidity of cooling is increased, the more the 
steel changes its properties. The least carburized steels only could 
be excepted ; beyond a certain point the solving effect produced by 
an increase of intensity in tempering ought to be nothing ; alterations 
in elasticity only could be observed. But, in these bodies, the limit of 
elasticity is reached under relatively slight effects, and tempering, by 
a variation of temperature such as we can effect, does not produce a 
sufficient pressure to dissolve all the carbon. 

Tempered bodies generally regain their properties when they are 
annealed, that is to say, when they are made to cool slowly after 
being heated sufficiently. When a homogeneous body, the compo- 
sition of which does not vary by heating, is annealed, the effect is 
merely to restore its original elasticity. To insure thorough anneal- 
ing, the operation must be performed at a sufficiently high temper- 
ature, and the cooling must be slower as the size of the body is 
greater, so that there may be between the interior and exterior but a 
slight difference in temperature. The first condition is necessary to 
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allow the metal to recover the elasticity it lost in tempering; the 
second condition should prevent, in the successive phases of cooling, 
the production of undue strains. 

In complex bodies like steel, the effect of annealing is complex; 
besides this restitution of elasticity to the fibres altered by tempering, 
it produces a separation of a part of the dissolved carbon. This 
separation must take place equally throughout the mass to render the 
body homogeneous after annealing ; and it is easily understood that 
a very slow cooling is necessary to insure this result. For large 
pieces of steel this cooling must occupy several days, sometimes 
several weeks. 

When steel is properly annealed the different molecular tensions 
previously produced are suppressed, the fibres relax under the 
influence of heat and return to their first elasticity. 

If annealing is applied to a piece having undergone local tempering, 
the effect will be the same. In a bar made up of steels of different 
degrees of carburization, annealing will-establish a little more homo- 
geneity. Owing to the high temperature the bar will have to bear the 
lines of demarcation will no longer be as clearly defined, and the 
difference between the several parts will be less as the piece is 
exposed longer to the fire. In annealing this more regular dissemina- 
tion of carbon is due only to the high temperature to which the piece 
is raised, while in tempering the effect is increased by the pressure 
resulting from rapid cooling. 

Annealing must not be performed at too high a temperature—near 
the melting-point—lest the fibrous texture of the metal, acquired by 
forging, should be changed. Slow cooling would crystallize it, and it 
would then have no elasticity—z¢ wou/d de BURNED. 

In the same steel there may exist a series of intermediate states 
between the natural state and the state corresponding to the maxi- 
mum temper it can take. The several properties of the same steel 
follow a continuous law of variation between these two extreme points. 
In the natural state, steel possesses a hardness increasing as it contains 
more carbon and as it approaches more and more the maximum of 
saturation. Tenacity, or resistance to breaking, follows the same law, 
increasing in a continuous manner from soft iron to the hardest steel. 

The stresses steel can bear before reaching its limit of elasticity 
follow the same law. On the contrary, the attainable stretching 
increases when the quantity of carbon, and, consequently, the hard- 
ness and tenacity, decrease. The welding property varies like the 
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stretching one, being very high in slightly carburized irons, and being 
reduced to almost nothing in steels rich in carbon. 

When steels are tempered under the same conditions, hardness, 
tenacity, and stretching follow the same law that obtains in the natural 
state. Hardness and tenacity increase with the temper and ductility 
decreases. In short, the difference between a steel in the natural 
state and the same steel tempered is less as carbon decreases and as 
the metal approaches pure iron. 

We will consider here only temper obtained by rapidly cooling 
steel, heated to a high heat, in a cold liquid. Under these conditions 
the changes of constitution induced by tempering should decrease as 
the operation is performed on less carburized steels. With very high 
steels the elastic limit is reached only under a very heavy load ; with 
soft steels the elastic limit is much more quickly attained. The same 
degree of cooling will then produce a contraction and pressure much 
smaller in the second case than in the first. 

From this statement we may conclude that when hardness and 
tenacity are required, and a material liable to deformation before 
breaking is not desirable, the highest or most carburized steel must 
be used. From this class is chosen the steel for tools that are not 
worked under blows. For constructive purposes where a more 
elastic material is needed, less carburized iron—in other words, soft 
steel, must be used. The following list of steel objects, with the per- 
centage of carbon usually allowed, gives an excellent idea of the 
requirements : 


Steel for flat files, . . . 1.2 Steel for mason’s tools, 0.6 


“  turning-tools,. . 1.0 “ ramrods, . 0.6 

—_— x_n | “stamping, . 0.42 

ee .« « 6 + OS “ magnets, . 0.4 
0 re S ) | “« spades, . . 0.32 
Double-shear steel, . . . 0.7 “ hammers, . 0.3 
Welding steel,. . . . . 0.68 Bessemerrails,. . . 0.25t003 
Quarry drills,*. . . . . 064 Homogeneous armor 


putes, . . . - - SZ 


We can conceive that tempering, followed by annealing, might be 
used to improve certain more or less carburized iron, especially to 
restore homogeneity lost in the different stages of manufacture. 

“ All merchant irons contain slight quantities of carbon, and conse- 
quently yield, but in a less degree, to the influences of tempering 
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and annealing. Heat produces in iron a more complete solution cf 
the carbon and a dissemination of that mixed in the metal ; probably 
also of other foreign ingredients. The pressure which follows tem- 
pering increases this dissemination. Finally, while annealing, the 
heat continues the effect produced, and slow cooling allows the mole- 
cules to group themselves so as to nearly remove the several internal 
strains. 

“In a great many cases tempering is followed by such an incom- 
plete annealing as tends to lessen the molecular tensions, while pre- 
serving in the metal the greater part of the properties due to temper- 
ing, viz. hardness, tenacity, and also a more homogeneous composi- 
tion. Afterwards more or less annealing is given according to the 
degree of elasticity which is to be restored. 

“Partial annealing after tempering is used in armor plates. The 
tempering they undergo after rolling renders then more homogeneous 
throughout the mass by the compression it produces in every direc- 
tion. Hardness, or resistance to the penetration of projectiles, is 
increased, but the metal becomes brittle as the tempering is more com- 
plete, or, with the same range of temperature, as the plates are 
thicker. 

“Complete annealing would destroy all brittleness ; but in order to 
preserve some hardness and prevent any internal crystallization, anneal- 
ing is carried only to dark red. This temperature is insufficient to 
restore to the different fibres all their elastic properties, but it allows 
a preservation of the greater part of the hardness proceeding from 
tempering. 

“In plates less than ¢ of an inch in thickness this annealing is suffi- 
cient for the purpose mentioned. The result is a metal able to with- 
stand the penetration of projectiles and rarely breaking under their 
impact. In thicker plates submitted to tempering and annealing 
under the same conditions, the molecular tensions after tempering 
preserve more value after annealing. The plates satisfactorily resist 
penetration ; they, however, have considerable brittleness. To avoid 
this defect it would be necessary to give more intensity to annealing. 
The plates would then offer less resistance to penetration, but they 
would no longer break under blows. (This is the principle followed 
by Schneider with his armor, as will be seen farther on.) 

“The same result ought to be attained by reducing the intensity of 
temper. The heat to which the plates have to be raised cannot be 
lessened, since, in order to obtain homogeneity, a solution of all for- 
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eign matters in the iron must be produced ; but the rapidity of cool- 
ing can be diminished by using a liquid which is a less good conduc- 
tor than water, or by raising the temperature of this water. By this 
latter means the heated piece will be subjected at first to a rapid cool- 
ing to prevent separation of the carbon from its solution, then a much 
slower one, to prevent extreme molecular tensions.” 

Before proceeding to the detail of the different methods of armor 
manufacture, it is still necessary to explain the effects of the other 
different elements found in combination with iron. Manganese, in a 
limited proportion, is very beneficial both to iron and steel. By means 
of a suitable addition of metallic manganese to pig-iron it may be de- 
prived of the sulphur and silicium which it contains, although it will 
not drive out phosphorus. Thus added to gray pig-iron it makes 
white, showing in this manner an influence over the carbon in keeping 
it in the distilled form. The same effect is produced on steel, enhan- 
cing the quality of the metal and augmenting its strength and duc- 
tility to a remarkable degree. It also augments the extent to which 
it is capable of being hardened or tempered. It eliminates oxide of 
iron or scale and thus preserves the welding limit of steel beyond 
what it would otherwise be, and prevents red-shortness or loss of mal- 
leability when hot. In the opinion of Dr. Siemens, however, more 
than a trace of manganese in steel is very objectionable ; for, as he 
says, “though very efficacious in hiding impurities in the steel, it is in 
itself an impurity inconsistent with high quality of the material pro- 
duced. Its admixture with the metal is purely mechanical, and upon 
analysis of different portions of the same ingot it is found that its dis- 
tribution is very irregular. Being more oxidizable than iron, a metal 
containing a considerable percentage of manganese cannot be reheated 
without deterioration ; is pitted by exposure to salt water, and its 
strength and toughness are also found to be below those of really 
pure metal when subjected to crucial tests.” 

This matter of pitting by exposure to salt water has long made 
shipbuilders afraid to use steel plates on the wetted parts of vessels, 
and they have erroneously held that stee/ deteriorated more rapidly 
in sea-water than iron. The pitting is entirely the oxidation of the 
manganese on the surface of a plate left as it came from the finish- 
ing-rolls. It is now the custom to give all steel plates an acid bath 
before applying them to ships, thus removing the surface manganese 
and other impurities which might cultivate oxidation. 

Phosphorus is the worst of all impurities entering into combination 
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with iron. Its main influence seems to be to induce crystallization 
and thus cause cold-shortness, or loss of malleability when cold. The 
amount of injury done by phosphorus has been found by experiment 
to depend on the manner in which the iron is made ; puddle iron is 
least sensitive of all, then comes malleable iron, whilst Bessemer steel 
is most affected. The cause of this seems to be that Bessemer metal 
contains the least slag, whilst puddle iron contains the most, and the 
intermingled slag renders the formation of a coarse crystalline struc- 
ture more or less difficult according to the quantity of slag present. 
Carbon and phosphorus are direct enemies ; thus if steel has 0.15 of 
phosphorus it will be made brittle by 0.3 of carbon, but with 0.05 of 
phosphorus it will not be made brittle by 0.75 of carbon. This 
material exercises an increasing bad influence when reheating is 
necessary, for the greater the amount of phosphorus the greater will 
be the tendency of the steel at every heat to assume the nature of 
iron. Phosphorus, in the same way as carbon, heightens the limit of 
elasticity, and increases the strength of the crystal particles, but it 
does not increase the cohesive power of separate crystals, so that 
since its tendency is to create large crystals, the metal is made 
weaker. 

Sulphur increases the red-shortness of steel; that is, renders it less 
malleable when hot, and when steel contains above 0.2 per cent. of 
sulphur it breaks under the hammer at a low red heat. For the pur- 
pose, therefore, of making castings, a small amount of sulphur may be 
a positive advantage, as it increases the fluidity of the molten metal 
and gives toughness to the metal when cold. Sulphur is driven 
out of iron by manganese. 

’ Silicon exercises a considerable effect on the qualities of steel, 
mainly beneficial to it. Its tendency is to produce the same effects 
as carbon, although in a very slight degree. Itis the general rule to 
allow quite a large percentage of silicon to remain in cast steels, 
ranging from 0.1 to 0.3 per cent., rising in Krupp’s cast steel as high 
as from 0.3 to 0.5 per cent. Its greatest service is the prevention of 
the formation of blow-holes in ingots. Bessemer states that “ the air- 
cells existing in cast steei are due to the oxide of carbon formed in 
the liquid steel by an intermolecular reaction between the carbon of 
the metal and the oxide of iron formed during the act of casting. 
When the metal remains liquid sufficiently long, the gas escapes, but 
generally speaking, the temperature at which the steel is cast being 
only a little higher than that at which it solidifies, the carbonic oxide 
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remains imprisoned and gives rise to air-cells. Silicon prevents the 
formation of these air-cells, because it has a greater affinity for 
oxygen than carbon has, the oxidizing body being either peroxide 
of iron or carbonic acid or both; but then, instead of being gaseous, 
the product of the oxidation is a solid body formed in the metal itself, 
and is disposed uniformly between its molecules. It is the silicate of 
iron, the cinder interposed between the molecules, that renders the 
metal red-short and diminishes its quality as cast metal. 

When the silicon exceeds 1 per cent., the behavior of the steel is 
quite peculiar. Large masses of the ingot melt out in the heating 
furnace, as if an easily fusible silicate had been formed, leaving deep 
holes, sometimes extending quite through the ingot, which do not 
weld together afterwards. 

It is not necessary to enter into an explanation of the details of the 
work of extracting the iron from the ore, although it may be well 
as a matter of interest to show how it happens that although iron 
as it exists in the ore is in the condition of wrought iron, it is now 
almost universally supplied to the manufacturer in the condition of 
cast iron. The “ rationale” of the extraction of iron from the ore has 
remained unchanged from the oldest times down to the present. In 
the old furnaces, which were naturally crude in their nature and lim- 
ited in their capacity, the ore was reduced by means of a strongly 
carboniferous fuel, generally charcoal, burned in connection with a 
flux and aided by an air-blast of more or less strength. The flux 
uniting with the earthy impurities separated them from the mass as 
slag, and the carbon from the fuel uniting with the iron oxide set the 
metal free, which settled by its greater weight to the hearth of the fur- 
nace in the shape of a rough 4/00m of wrought iron. In this bloom 
were entangled many impurities, and as the contact of the carbon 
with the metal could not be equalized throughout the mass and the 
air-blast was difficult of regulation, the more highly heated portions 
of the pure metal absorbed or combined a certain amount of carbon, 
rendering the bloom as a rule steely and brittle, so that no amount of 
reworking would purify it. 

With the invention of the smelting furnace and its companion, the 
puddling furnace, all the faults and uncertainties of this old or direct 
process of making wrought iron were remedied. In the modern 
smelting furnace the fuel, metal and flux are so arranged as to make 
the action of the heat and gases regular throughout the mass ; the 
air-blast is made far more powerful and is used to a greater advan- 
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tage; whilst by the arrangement of the furnace, the charging or sup- 
plying with ore and fuel may be continuous, so that a single furnace 
may be kept constantly at work reducing ore for years without a 
single stoppage. By this second or indirect process, the pure wrought 
iron first separates from the impurities as before, but as it sinks in the 
furnace it becomes exposed to a higher heat ; carbon combines with it, 
and, as the combination increases, the melting point is lowered until 
actual melting takes place. At this point, sufficient carbon has been 
combined to make the substance cast iron. It drops to the hearth, 
where the accompanying liquid slag floats on top of it and protects it 
from the decarbonizing influence of continued heat. From the hearth, 
the molten mass is drawn off into moulds and solidified into the blocks 
know as figs. From these pigs are made wrought iron and steel. It 
is well to bear in mind that these first products, as they may be called, 
when of cast iron are known as figs, when of wrought iron as d/ooms, 
and when of steel as zzgofts. 

As cast iron is now the first product of the reduction of the ore, the 
first system of armor manufacture to be described is naturally that 
which is directly created from it. 


Gruson Chilled Cast-tron Armor. 


The first operation performed at the Gruson factory in the con- 
struction of an armored fortification, is to build a full-sized plaster 
model of the fort, each block being separately moulded and put in 
place. From this plaster cast, the exact shapes of the different cur- 
vatures are obtained, and the second part of the operation, that of 
making the chill mould, is then proceeded with. This chill mould is 
itself made of cast iron, which is run in an ordinary sand mould, the 
latter having been made ‘rom the plaster mould, and forms the base 
of the main block mould. Upon the chill mould a sand mould is 
built corresponding to the remaining end, side and interior contour of 
the block. What may be termed the trade secret in the construction 
of this armor rests entirely in the choice of the pig, its treatment in 
the furnace, and the care in the casting. Herr Gruson claims, arid 
apparently with reason, that his factory is the only one in the world 
that can make such immense chill castings (ranging from 20 to 50 
tons each) successfully. It is certain that the Russians tried repeat- 
edly and unsuccessfully to make these castings without surface cracks ; 
and when it is considered that it required years of practice to make 
perfect so small an object as a chilled 9-inch rifled shot, the skill and 
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knowledge required for the operation can be appreciated. The pig 
metal being melted in the furnaces, is tapped off into a single large 
receiver, and from there is fed directly into the mould. When the 
latter is full, a surplus of molten iron is allowed to run around the 
upper part of the mould so as to retard the cooling of the unchilled 
portion. When the casting is cooled, the work of the construction of 
the block is practically finished, for nothing remains except the ordi- 
nary finishing foundry work. The ends of each block are slightly 
hollowed, and when the blocks-are put in position finally, zinc solder 
is run into the cavity formed by the close-fitting adjacent ends of 
blocks, securing them together and thus avoiding all bolts or 
fastenings of any other description. 


Wrought-iron Armor. 


The process of manufacturing a wrought-iron plate from pig iron 
may be divided into five distinct operations, viz. Puddling, shingling, 
rolling, piling, and final rolling or hammering. The operation of 
puddling is that in which the metal is converted from cast to 
wrought iron. The furnace for this work consists of a shallow basin 
in which the pigs are piled, which is so arranged that a strong flame 
plays constantly cn the metal, melting it, and then burning the car- 
bon from it. As the metal melts it is stirred constantly, so as to give 
the heat free access to all parts of it ; and, as the carbon is burnt from 
it, it gradually changes from a fluid to a pasty mass. When the 
final condition of decarburization is reached, the metal is collected in 
rough balls weighing about 80 Ibs. each, and these balls being with- 
drawn are shingled, that is worked under a hammer or in a squeezer, 
to weld all parts firmly together and to work out the slag and other 
impurities remaining from the furnace treatment. In the process of 
shingling the puddle-ball is roughly shaped into a slab, and then 
goes to the first or roughing rolls, where it is given fibre by repeated 
heating and rolling. According to the uses to which this mass may 
be put it is cut in pieces and rerolled until the desired fibre, size and 
shape are reached, the process of welding the pieces together after 
cutting being termed piling. 

An excellent idea of the details of the process of making a wrought- 
iron 44-inch plate is furnished by the evidence of Mr. Sanderson, 
Superintendent of the Park Gate Iron Works, given before the Iron 
Committee in 1861. A summary of this evidence is as follows : 

“ The pig iron was puddled in the ordinary way, and then the balls 
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were shingled under a six-ton hammer, being transported from the 
furnace to the hammer on a carriage, in order to avoid picking 
up and incorporating dirt, small pieces of brick or stone, as would 
happen if the ball were dragged over the ground. By shingling, the 
balls were reduced to 12-inch bars, which were cut up and mixed for 
piles with similar scrap bars in the proportion of two-thirds scrap and 
one-third puddled iron. The pile was made from ten layers of these 
bars, and was rolled into what were called No. 1 slabs. In the piling 
the puddled bars were placed outside, on the top and bottom of the 
pile, as puddled iron rolled with a smoother surface than scrap ; in 
rolling, the puddled bars were so placed as to roll across the grain, 
the other bars being crossed. All the scrap was from the waste and 
cuttings of other plates, great care being taken not to get in any out- 
side unknown scrap, and this scrap was first worked into bars of the 
same size as the puddled bars. These No. 1’s were rolled to an inch 
and a quarter thick, and then all the ragged edges were sheared off 
just as in a finished plate. Four of these inch and a quarter plates 
were then put together and welded into a plate 2t inches thick. 
This plate was then cut and piled into four layers and rolled to the 
finished dimensions of the 44-inch plate. From the puddling to the 
finish there were five heats; the puddling being the first, the 
doubling of the No. 1’s the second and third, the four No. 1’s 
to make the 2t-inch plate the fourth, and the four 24-inch to 
make the 44-inch the fifth. In putting the 24-inch pile into the 
heating furnace, one of the plates was pushed in on to the sand 
bottom, the second was rolled in on top of it, and so on with the 
third and fourth ; then, by means of a long lever, the ends of the pile 
were lifted, and bricks were put under the corners so as to give the 
flame free access to all sides. The plates of the pile were carefully 
matched so as not to lap at the sides or ends, or skew at all. About 
four and a half or five hours were required to thoroughly heat the 
whole mass, and before drawing from the furnace great care was 
taken to see that the whole pile was well heated, as, if one end was 
hot and the other cold, the rolls would be smashed in running the 
plate through. 

“ These rolls were 20 inches in diameter and 64 feet long, and were 
fitted with reverse gearing so as to run the plate back and forth. 
They were directly in line withthe mouth of the furnace and a short 
distance from it, there being a small carriage on rails travelling 
betweeen the two for carrying the plate. When the plate was at the 
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right heat, the carriage was run in place, the door opened and a large 
pair of tongs was slipped in, gripping the front end of the plate. The 
hauling-line from the tongs was then caught over the top roll like 
over a windlass, the rolls were speeded up and the plate hauled 
quickly out on to the carriage and up until its front end was nipped 
in the rolls and carried through. The time from hooking on until the 
plate was in the rolls was about half a minute. As the pile came out 
of the furnace a little sand was sprinkled over the surface for a flux, 
and as the pile ran through the rolls the cinder ran on the outer sur- 
face like a wave. The'scoria flew away on all sides a distance of six 
or seven feet like liquid oil. The thickness of the pile at the last heat 
was about nine inches, and it was passed six times through the rolls 
under that heat. The first time going through it was pinched down 
an inch and a quarter. It went through instantly, squeezing all the 
scoria from the inside. Each time it was pinched a little less to 
relieve the rolls, the scoria running for about three times through. 
After rolling, the plate was straightened, then allowed to cool, and 
then the ends and sides were trimmed fair in the slotter and planer.” 
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in a previous chapter it was stated that during the first period of 
development of wrought-iron armor French plates were so much 
superior to English ones as to lead to the belief that they were really 
compound, having a steel core with an iron face and back. © This 


* superiority may be partially traced to the greater care taken in the 


selection of the ore, greater adaptability of various ores used, and 
more careful manipulation in the reduction. Another feature in the 
manufacture deserves notice, as it may have contributed much to the 
superiority of the plates. This was the difference in method of pil- 
ing. It is seen that by the English method the puddled and scrap 
bars were piled in flat courses, the fibre being crossed in alternate 
courses. In the French method the plate was made up of two cov- 
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ering plates made separately, and an interior mass, the whole welded 
together. Each covering plate was formed of two half-piles, each of 
which was made of a foundation of iron bars covered by several 
courses of bars arranged in zig-zag, these bars crossing the foundation 
flat bars. The two half-piles having been raised to a welding heat are 
passed successively through the rolls, then superposed, heated and 
welded in the rolls. A complete pile was in general nearly the full 
width of the finished plate and about three times the thickness 
(instead of twice as in the English system). The plate itself was in 
turn made up of two new half-piles welded in the same manner and 
composed of a covering plate (4), a course of iron bars (/), several 
courses of bars zig-zagged (C) crossing the cross bars, and finally a 
course of flat bars (). The covering plate was about one-sixth that 
of the finished plate. After the finished rolling the plates were care- 
fully heated to a bright red, tempered and then annealed. 

For a number of years it was a matter of dispute between English 
manufacturers as to the relative superiority of rolled and hammered 
plates, and although the question was finally decided in favor of the 
rolled ones, it is necessary to understand the process followed in ham- 
mering in order to have the requisite familiarity with the factory 
work. The process above described, as followed by the Park Gate 
Works, was that of rolling. As opposed to this, the evidence given 
by Mr. William Clay before the Iron Committee gives an excellent 
idea of the manufacture of hammered plates as carried out by the 
Mersey Works. A transcript of the evidence gives the clearest idea 
of the claims made for hammering. It is as follows: 

Q. Then for plates of the size necessary for the Warrior, would 
you prefer hammering or rolling, in order to obtain the qualities best 
suited to resist shot ? 

A. Hammering, of course : we only know occasionally what is done ; 
and the reports in the engineering world about the matter are dif- 
ferent ; some state that rolled plates are bad, and some that hammered 
plates are bad. I cannot conceive that rolled plates can be so good 
if the hammered ones are properly made. If they go upon the 
assumption of making the plates hard, and putting a nice polished 
face on them, then probably rolled ones would be better. 

Q. To hammer a large plate, must you not weld it at several heats, 
one after the other? 

A. Yes; I should get probably three large slabs of iron rolled, as the 
most economical, and the best way of getting the iron in the shape of 
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slabs. Three of those would be put together, and the commencement 
would be made in the middle ; they would take out the middle first, 
and that would be hammered to the proper size of the plate, and 
then they would go towards one end, and then commence adding 
slabs of iron, probably half a ton at a time, and working it gradually 
lengthways. 

Q. With a kind of scarf-joint ? 

A. Yes; and make it as solid as if it was one piece. 

Q. Do you think you could depend upon the soundness ? 

A. Yes; a prudent hammerman would not put his iron ona thick- 
ness of less than eight or nine inches, or he would never get his scarfs 
safe. 

Q. You would then reduce the thickness of the iron to the thick- 
ness required ? 

A. Yes; by hammering it all over, going gradually from one 
finished part to another. 

Q. In the first place, would not repeated heating damage the 
structure of the iron? 

A. No; because it need not be heated more than necessary, 
though, most probably, for plates, five times; and I have found, by 
experiments made for that purpose, that puddled iron increases in 
strength up to the sixth working, and from that it gradually decreases 
in strength, therefore, if we take new puddled iron to begin with, and 
work it five times over, we have it in about its strongest state; you 
get to the maximum. 

Q. Then would the hammering it so much tend to make the iron 
hard, supposing that it is softness and toughness that we want ? 

A. Yes; it would make the iron dense and hard. The denseness, | 
judge, would be an advantage, but the hardness must be removed by 
annealing, when the plate was finished. 

Q. Would annealing make a close-grained heavy iron soft ? 

A. Yes; there is the crystalline iron ; and I have tried experiments, 
by taking a piece of iron and heating it to a little more than redness, 
and hammering it with a light hammer till it was cold, and breaking 
a portion of it off (and it was beautifully fibrous rivet iron), and, after 
cold hammering it, a piece broke off as short as glass; I have then 
taken the remainder of the piece and put it into the fire, letting it 
get red hot, and it broke quite fibrous again. That was the effect of 
cold hammering and annealing. 

Q. The hammered plate must be more expensive, must it not, 
than a rolled one? 
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A. Less when you get to large sizes. If the Secretary of War 
made me an offer, and said he would give me a choice, I would prefer 
the hammer. I think I could make them cheaper with the hammer. 
I cannot conceive with regard to rolling plates of that immense size, 
that there is any machinery in the country which is calculated 
thoroughly to weld and unite them. 

Q. You do not consider any evil consequences would result from 
hammering plates in the way you speak of ? 

A. No; especially if they are annealed after. 

Q. As to rolled plates—would they be softer ? 

A. | think there would be little difference between them and ham- 
mered plates made of good fibrous iron. Large forgings are gene- 
rally specified to be made of best scrap iron by engineers, but I 
believe that well-selected, good strong puddled iron—for the reason 
I have already stated—does become improved up to the sixth time 
of heating and working, and is better: because scrap iron may have 
been worked these six times before, and may have been gradually, as 
it were, going down hill on the other side of the scale.” 

The manufacture of the plate cannot be considered finished until 
it is bent to the curve required to fit the section of the ship. The 
average amount of curvature given may be taken at about g inches 
lengthwise, or “ bend,” and 2 inches crosswise, or “dish,” with a 
corresponding amount of twist. There are three different methods 
of obtaining the curvature required, two of which are in use in Eng- 
land and one in France. The first English method is that of the 
hydraulic press. In this, a cast-iron slab of the requisite form is 
placed on the piston head of the press; upon this the armor plate is 
laid (outer surface down), and upon the plate are laid cast-iron blocks 
called “ packing,”’ also shaped to the curve. The piston then being 
forced upwards, the hot plate is dished to the required curve. The 
second system is that of the “cradle.” In this the cradle consists of a 
heavy cast-iron bed-plate, to which are attached a system of vertical 
wood frames, bound at the top with longitudinal stringers. These wood 
frames have holes bored through them at convenient distances for 
the purpose of pinning heavy longitudinal timbers used as braces for 
wedging. Cast-iron shapes of the desired curvature are laid on the 
bed of the cradle, and then, wide strips being laid around the edge of 
the plate to protect the hot, soft metal from local deformation, wedges 
are driven in between the timbers pinned to the frames and the strips 
on the plate, thus forcing the plate to take the curve. This method 
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necessitates an adjustment of the plate in the hydraulic press after it is 
cold. In spite of this bad feature the cradle system is preferred as 
being quicker, cheaper, and more certain than the press system. By 
the French system the plate is laid on an anvil or bed-plate shaped 
to the required curve, and is then patted or lightly hammered all 
over its surface by a special movable steam-hammer,. The curving is 
done during the last rolling heat, immediately after the plate is 
through the last turn of the finishing rolls. In France curving by the 
press is forbidden, as it is thought to strain the zerve of the metal too 
much. 
Early Steel and Homogeneous Metal Armor. 


It will be remembered that in a former chapter reference was made 
to experiments carried on at Woolwich in 1857 with steel plates made 
by the Mersey Company. The metal of which these plates was made 
contained from 0.75 to 1 per cent. of carbon, and it was called 
“ puddled” steel, from the method of its reduction. Pig iron was 
placed in the ordinary puddling furnace and submitted to the same 
course of treatment as would be followed for the manufacture of 
wrought iron, the operation of burning out the carbon being stopped 
at the desired point, when the pasty metal was balled and shingled, 
then rolled into bars, and these bars were sorted according to the 
appearance of their fracture. The remaining details of the manu- 
facture of a plate were the same as with wrought iron, except that 
where scrap steel was used it was necessary, as with the puddled 
metal, to sort it carefully. Steel plates or other large masses manu- 
factured in this way were subject to great irregularities in structure. 
The judgment of the workman in detecting signs furnished by the 
reducing metal in the furnace and the skill of the person employed 
in sorting bars for the piles had to be blindly depended on, and even 
the greatest experience failed in the face of the immense masses 
required for armor plates. 

Homogeneous iron was simply a name for a particular quality of 
crucible steel. (This name must not be confounded with homoge- 
neous stee/, which applies only to fluid-compressed or silicon steel, 
which is so made as to solidify without producing blow holes in the 
mass of the metal; the method of manufacture will be detailed far- 
ther on.) Crucible steel is obtained by melting iron bars packed in 
coke or charcoal dust in crucibles. The amount of dust packed with 
the metal determines the quantity of carbon that will be combined, 
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and the homogeneous iron was simply the crucible steel thus made, 
containing a low percentage of carbon. It is readily seen that by this 
process the quality of the metal could be determined with a greater 
degree of accuracy than by puddling, but for large masses the cost 
of production became exorbitant, and there was still a great factor of 
uncertainty due to the fact that the crucible being able to convert but 
a small amount individually, many of them had to be used to cast an 
ingot of the required size, whilst several ingots were required for a 
plate, thus the slight differences in quality of the metal of each cru- 
cible amounted to considerable when a large plate was in question. 
The ingots were forged into slabs just as the puddle balls were 
shingled, the other operations of plate-making being the same. 


STEEL AND COMPOUND ARMOR. 


The Bessemer Process. 


Steel cannot be said to have been capable of development as armor 
until the grand invention of the Bessemer process came to the aid of 
the manufacturer, enabling him to produce the large and homoge- 
neous masses necessary to permit of the variety in plate manufacture 
which enabled the possibilities of the metal to be studied. It has 
been shown that steel was produced in one of two general ways,— 
either by burning the carbon out of pig iron, which was the common 
form in which iron was supplied to the market, or by combining car- 
bon with wrought iron that had already been reduced from the 
pig. Bessemer saw that if it could be made possible to bring air into 
intimate connection with molten pig iron, the metal could be reduced 
much more quickly than by the puddling process, where the air only 
attacked the surface, thus necessitating a constant manual stirring of 
the mass. Furthermore, he discovered that when air was forced into 
the iron mass an excessively high rate of combustion, and conse- 
quent increase of temperature, were brought about, and this heat was 
so great that furnace heat was unnecessary. This being the case, it 
followed that the conversion of the pig could be stopped at any 
Stage of the operation by stopping the blast which was the cause of 
the combustion. The well-known Bessemer Converter was the result 
of this train of reasoning. The converter, as it is called, consists of a 
large pear-shaped receptacle, built of boiler plate and thickly lined 
with a very refractory material. It is mounted on trunnions near its 
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centre of gravity, and is pierced at the bottom with tuyere holes 
(holes for the passage of an air-blast). The top of the converter is 
so shaped as to form a convenient uptake for the flame, throwing it 
into a chimney built near the position of the receptacle. The charge 
of pig iron intended for conversion is first melted in a furnace conve- 
niently situated. When in condition for running, the converter is re- 
volved toa horizontal position, and the molten metal is run directly 
into it. It is then righted, the blast being started at the proper time so 
as to prevent the metal from running down the tuyere holes. As this 
blast of air is forced through the body of the metal, violent combus- 
tion and ebullition take place. The condition of the metal in 
the converter at any time may be told in four ways: by the color of 
of the flame coming from the mouth of the converter, by the noise 
made by the boiling liquid, by the register of the number of cubic 
feet of air that have passed through the metal, or by the lines in the 
spectrum of the flame. 

In the earlier times of the Bessemer manufacture it was the custom 
to gauge the quality of the steel by one of these signs or by all three 
combined, and, when the proper moment had arrived, the converter 
was revolved on its trunnions, the blast was cut off automatically, com- 
bustion ceased with the cut-off of air, and the conversion stopped. 
The metal was then run into a ladle which, after receiving the charge, 
was swung over the ingot-moulds, the latter being filled in rapid suc- 
cession. Thus many ingots were produced, all of which being from 
the same run of metal, were absolutely similar in quality. 

The quality itself of the metal was, however, often very unsatisfactory, 
owing to the uncertainty of the indications, and a modification of the 
method was introduced, by which the charge in the converter was 
reduced completely to the condition of wrought iron. In this state 
the blast was stopped by swinging the converter, and a certain 
measured quantity of pig, spiegel iron and ferro-manganese was 
introduced ; that is, a known percentage of carbon and manganese 
was added to the charge. The converter was then turned back, blow- 
ing was resumed just long enough to ensure complete incorporation 
of the new charge, and then the metal was run off into the moulds. 





Stemens- Martin Process. 


Of the many methods for producing steel on the open hearth, that 
due to the joint inventions of the Englishman Siemens and the 
Frenchman Martin has come to be known in the manufacturing world 
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as the open-hearth process. Siemens’ share in the invention is in the 
furnace itself and its attachments, by which, through a system of what 
is called the regeneration of heat, the waste heat from a furnace is, as 
it were, bottled up and made to do useful work. Gas is used instead 
of fuel also, and the lining of the furnace is so constituted that it will 
successfully resist the action of the high heat necessary to maintain 
iron containing but a trace of carbon, ina molten condition. Martin’s 
share is in the method of producing steel by the gradual introduction 
of wrought iron and scrap steel into a bath of molten pig. 

Perhaps the main distinctive feature of this process is the absence of 
a powerful air-blast. The furnace consists of a shallow dished hearth, 
with a low roof curved down at a sharp angle so as to throw the flame 
well down on the metal. Underneath the hearth or furnace proper, four 
large compartments are built, called regenerators. They are loosely 
lined with fire-brick so as to allow the heated gas free play all about the 
interior. When in use, these regenerators are so connected with the 
hearth that the inflowing gas and air pass through two of them 
into the hearth, over the metal, out through the other two into a cul- 
vert, and so into the air. In passing out, the waste gases give up 
their heat to the brick linings, and by means of valves the current of 
gas and air may be altered so as to pass through the heated cham- 
bers, taking up this stored heat, thence over the hearth and out the 
other chambers. In converting a charge, the direction of the current 
is changed about every half-hour, so that by means of the chambers 
the heat is retained in the furnace instead of going to waste, thus 
making a considerable saving in fue:. The ingress and egress ports 
of the hearth are so arranged that the gas used as fuel enters by the 
one next to the bath, and the air by the one farthest away, thus 
bringing the air next to the roof of the furnace and forcing the gas 
and flame down into intimate contact with the metal. The hearth 
being charged with pig, the gas flame and air are started, the charge 
is melted, and then the iron and scrap steel is turned into the bath in 
doses at intervals, as rapidly as the bath will absorb it. The propor- 
tion of metal thus turned in varies from three to ten times the amount 
of pig used, according to circumstances. One of the great advantages 
of this process over others is, that owing to the gas used as fuel and 
the great heat in the furnace, the supply of fuel may be stopped 
at any moment for some time without danger of cooling the mass too 
much ; samples of the metal may be withdrawn, cooled and examined 
to see that the condition is exactly what is desired. If the proper 
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state has not been reached, the operation can be proceeded with, and 
thus the greatest exactitude is reached in the production of any 
desired quality of metal. This process is the greatest rival of the 
Bessemer, and is better adapted for work of a high order, which it 
can turn out quite as cheaply as the other. It is a much later inven- 
tion than the Bessemer, and is rapidly increasing in favor all over the 
world. 
The Basic Process. 

In all of the methods of producing steel, the vicious element, phos- 
phorus, has been the great enemy with which the manufacturer has 
had to contend. Especially is this trouble apparent in the Bessemer 
and Siemens-Martin processes, where the percentage of phosphorus 
in the resulting steel is actually greater than that originally present 
in the pig. In order to overcome the difficulty it has always been 
necessary, until quite lately, to refine the pig by a special operation 
before using it in conversion. This refining added much to the 
expense, was a tedious operation, and at best did not produce satis- 
factory results. Within the past few years, however, a new and 
important modification, called the Basic process, has been introduced. 
This is not a distinct process, as will be seen, but is applicable to 
both the Bessemer and the Siemens processes with but a secondary 
alteration in the plant, the main method of conversion remaining the 
same in both cases. The principle of the improvement consists in 
the substitution of a new lining to the furnace or converter, whose 
influence on the molten metal tended to attack and take out the 
phosphorus. Since there is much waste of lining through the action 
of the phosphorus, it is the custom, after charging a furnace, to throw 
in a large amount of the same basic material, which the phosphorus 
attacks in preference to the lining. By this means it has become 
possible to completely dephosphorize steel in conversion both in the 
Bessemer Converter and the Siemens Regenerator. 


The Whitworth Process. 


One of the chief defects of the steel made by the Bessemer and 
Siemens-Martin processes consists in the blow-holes and _air-cells 
produced in the ingots by the entanglement of air at the moment of 
pouring the metal, and the formation of gases by the sudden transfer 
from the furnace to the casting-ladle and thence to the ingot-mould. 
The lower the percentage of carbon in the metal the greater the injury 
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usually produced. The use of manganese is often resorted to for the 
purpose of preventing this “ piping,”’ as it is called, but as it is used 
in the form of a carbide, it is impossible to employ a sufficient quan- 
tity of manganese in the milder steels without introducing too much 
carbon. To get rid of the formation of these cells Sir Joseph Whit- 
worth conceived the idea of forcing them out of the mass of molten 
steel entirely by means of pressure. The ingots as cast are in the 
shape of hollow cylinders, the mould-box having a core; in this 
manner a large escape-surface is given for the gas, which in no case 
has far to travel to reach a point of escape. The mould-box is made 
of cast steel of a strength sufficient to stand the heavy pressure inside. 
Around the inside of this steel cylinder are placed vertical cast-iron 
bars fitting quite closely, but having on their sides small grooves cut 
from front to back, while the rear edges of the bars are chamfered, 
thus making vents for the escape of the gas past the bars and up 
their rear edges to the open air. The inside of this mould is coated 
with a thick layer of very refractory sand, which, whilst it protects the 
iron bars from the fluid steel, is sufficiently porous to let the gas pass 
through. The core of the mould is made in the same way, with a 
steel core surrounded by cast-iron vertical bars, which in turn are 
coated with sand. This mould is centred under the annular piston 
of a hydraulic press. The metal is poured in, filling the mould, and 
immediately the piston is forced down with a pressure of about six 
tons to the square inch. As the piston strikes the surface the metal 
squirts up around it in a thin sheet, which solidifies almost instantly, 
thus closing the aperture tightly. The pressure is kept on the ingot 
until the mass has acquired considerable solidity, in order to keep the 
metal from getting internal shrinkage strains. By this pressure the 
column of metal is shortened about one and a half inches to the foot. 
It is still an unsolved problem why the gases escape, as the pressure 
must naturally act equally in all directions. It is beyond doubt, 
however, that they are forced out, as they burn for some time at the 
vent openings around the top of the mould. Fractures of metal cast 
in this way are extremely close grained in texture and perfectly free 
from flaws, so that much of the Whitworth ingot steel is equal to 
metal that has been thoroughly forged after casting. 


The Terre-Notre Process. 


This method has for its main object the elimination of blow-holes, 
and it accomplishes it in a manner which certainly appears more 
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rational than the Whitworth process, in that it aims to prevent the 
formation of gas in the metal by the use of silicide of manganese. 
The silicon prevents blow-holes by decomposing the oxide of carbon, 
which is in dissolution and tends to escape during solidification. The 
manganese reduces the oxide of iron and prevents a further produc- 
tion of gases by the reaction of the oxide on the carbon. In the 
decomposition of oxide of carbon by silicon, silica was produced, 
and afterwards a silicate of iron, which remained in the steel, inter- 
posed between the molecules and preventing cohesion, which would 
be as bad for the metal as the blow-holes themselves ; but the man- 
ganese allowed the formation of a silicate of iron and manganese, 
which is much more fusible and passes into the sla~ floats on 
the metal. In this way the metal is not altered. 

Euverte’s conclusions from results obtained at Teri. Noire are 
stated as follows: 1st. Steel derives the whole of its physical proper- 
ties from its chemical composition and molecular state. 2d. Mechan- 
ical operations, such as forging and rolling, are not necessary to the 
production of the best results as to quality, and steel which has been 
cast without blow-holes in a suitable manner and reheated and tem- 
pered in the right way attains a perfectly satisfactory molecular state, 
which makes it applicable for all purposes. This may seem paradox- 
ical at first sight, but numberless experiments have given results 
which seemed to be guided by an immutable law. 


The Armor Plates. 


In examining these various processes used in the production of 
steel, it is seen that either one alone, or a combination of them, may 
be used in producing the metal of a plate. Thus a manufacturer 
may use the Bessemer process combined with the Basic process for 
eliminating the phosphorus, and supplemented by the Whitworth 
process to obtain homogeneity of structure. This combination of 
processes forms one of the trade secrets of the manufacturer, in addi- 
tion to which must be counted the niceties of refining and manipula- 
tion. It is therefore no criterion of the absolute excellence of steel 
plate to know simply that it 1s manufactured by one or another of the 
different processes. Beyond this lies the detail of manufacture, and 
the excellences of the plate can only be ascertained by actual test. 
Again, chemical analysis of specimens of a plate, although of the 
greatest use in the study of steel armor, tells no tale of the process of 
manufacture. It is, however, a matter of interest to know at least 
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what main processes are followed by the different manufacturers. At 
Terre Noire the metal for plates and projectiles is converted from pig 
iron by a combination of the Siemens-Martin and Terre Noire sys- 
tems .Krupp, in the manufacture of guns, projectiles and armor, uses 
the Crucible process, in combination with a refining by the use of a 
high percentage of silicon and manganese, closely approaching the 
principle of the Terre Noire process. In fact, the latter is derived 
directly from the study of remarkable results obtained by Krupp and 
other German manufacturers by the use of heavy charges of silicon. 
Landore uses the Siemens-Martin process. Schneider uses at Creu- 
sot the Siemens-Martin process—in all probability combined with the 
Basic process. The immense plant of this firm enables the manu- 
facturer to realize the full benefits of thorough forging in the large 
masses. The immense steel armor plates, having been moulded into 
the required ingots, are put under the 1oo-ton hammer and there 
forged to shape. Hammering is the rule for armor plates at Creusot, 
and, as was explained in the quoted evidence of Mr. Clay, of the 
Mersey Works, the finished plate is carefully annealed after the last 
working, then raised to a high tempering heat, and the face of the 
plate for a short distance is tempered in oil, and then, finally, partially 
reannealed, in order to take out the internal tempering strains without 
reducing the face-hardness more than necessary. 
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Witsor’s Armer-pl aefurnace. 


The steel face plates of compound armor are manufactured 
Brown’s works by the Bessemer process, and at Cammel’s by the 
Siemens-Martin. These two firms, besides using different processes 
in the manufacture of the steel, have also different methods of build- 
ing up the compound armor, each method being the invention of the 
Superintendent of the firm. The one used at Cammel’s foundry is 
known as Wilson’s patent, and the one at Brown’s as Ellis’s patent. 
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This explains an apparent confusion with regard to armor which is 
called either by the firm’s or the patentee’s names. 

Under the Wilson patent (Cammel) the iron backing plate is first 
manufactured in the ordinary way. It is then placed ina special furnace 
and raised to a welding heat, and while in this condition, without 
being removed from the furnace, molten steel, manufactured in this 
instance by the Siemens-Martin process, is poured on the plate to the 
requisite thickness. The steel has a much higher temperature than 
the iron, and the excessive heat carburizes the iron surface to a depth 
of from one-eighth to three-sixteenths of an inch, thus forming a zone 
of mild steel between the hard steel and the iron, while at the same 
time the connection between the steel and the iron is something more 
than the ordinary weld. After running the steel, the plate is removed 
from the furnace and put through finishing-rolls to insure thorough 
welding. The steel face is then tempered and partially reannealed 
to remove the internal strain. 

A slight modification of the above method is said to have produced 
excellent results, in that the iron plate was placed on end in the 
furnace, the steel being run in alongside, thus gaining the additional 
factor of closeness of structure due to the additional weight forcing 
the gases out of the metal. It will be seen that the furnace itself is 
the mould for the plate. 

Under the Ellis patent (Brown) the iron backing is manufactured as 
before, and a hard steel plate is also made separately. The iron plate 
is then put in a furnace similar to the Cammel one, and iron bars are 
placed around the edges, forming a berm. The hard steel plate is 
also put in the furnace, and all are raised to a welding heat together; 
the steel plate, which forms the face of the complete plate, is then laid 
over the berm of the iron one, and molten steel (Bessemer) of a 
medium softness is run between. The same welding action takes 
place as before, and the same system of rolling, tempering and 
annealing is followed. 

It needs no demonstration to prove that the end of the development 
of compound armor has by no means been reached. As yet, there is 
a decided liability of the plate when struck by a projectile to separate 
at the weld, but this fault cannot be considered irremediable. The 
final aim of both the steel and the compound armor manufacturers is 
to put their plates in a condition corresponding to that of the Gruson 
blocks; having an extremely hard surface of steel proper, shading 
gradually and imperceptibly into a softer material. At present, the 
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steel manufacturer finds it impossible to get the extremely hard 
surface obtained in compound armor, whilst on the other hand a 
steel backing cannot be utilised by the compound manufacturer on 
account of the difficulty of welding. It would seem that the true line 
of development would be that which by manufacture and not by 
building should attain the final result of making a complete steel 
plate which should combine the hardness of the present compound 
face with the tenacity and resisting power of the rear of the present 
steel plate. Homogeneity of structure is the prime necessity of 
the development. In this respect the steel plate is in advance of 
the built-up compound one, but homogeneity alone is insufficient. 
For these reasons it is, and probably will be, for some time to come, 
especially with thick plates, a matter of dispute as to the absolute 
superiority of the two systems. 


LAWS OF PENETRATION. 


A knowledge of the laws governing the destructive action of pro- 
jectiles in piercing armor is quite as necessary as that of the actual 
effects shown through firing-ground experiments. These laws depend 
upon the following circumstances : 

st. The resisting power of the armor, as determined by the quali- 
ties of the metal plates, the disposition of the backing, and the dis- 
tribution and strength of the fastenings. 

2d. The nature of the projectile: its form, weight, strength, and 
striking energy. 

In the chapter descriptive of the development of wrought-iron 
armor it has been shown what were the consequences of adopting a 
metal which, with but a fair degree of tenacity and a minimum of 
hardness, possessed good toughness and a maximum of ductility. 
Necessary as these latter qualities are, they must in the nature of the 
conflict be subordinate to the first ones in true armor. Toughness 
and ductility are qualities which tend to preserve armor. Hardness 
and tenacity tend more directly to preserve the objects to be pro- 
tected, for these are the ones which turn useful energy to waste by 
making it react on the projectile itself. As long as they were left out 
of consideration the balance of power could only be preserved by 
armor through a constant increase in thickness of plates ; and aside 
from the difficulties of manufacture, the point was soon reached with 
war vessels where no more weight could be sacrificed (required for 
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other essential features) to secure armor strength. The following 
table shows clearly what great sacrifices were borne, before the minds 
of the experts were turned into the channel of the true line of develop- 
ment by the Spezia experiments of 1876: 
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With regard to the disposition of the backing, it has been shown 
how, starting with the natural thickness of wooden frames and plank- 
ing, it was found detrimental to attempt any reduction of that thick- 
ness, and shortly afterward, through the experiments on the Chalmers 
target, it was found that notable increase in power of resistance was 
obtained by means of the insertion of iron stringers between the 
courses of timber. 

In the same way the faults of the first crude system of fastening 
were gradually corrected, until by the introduction of the Schneider 
bolt this part of the armor seems to have well-nigh reached perfection. 

In form of projectile, the spherical figure gave way to the cylindrical 
with a hemispherical head, then the flat face, then the cone, and 
finally the ogive; which in turn, commencing with a radius of one 
calibre, passed to one and a half, and finally totwo. The weight of 
the armor-piercing projectile, commencing with the round shot as a 
standard, has passed to that of an elongated one over 24 times that 
weight, the standard rising slowly to three times and in cases to four 
times that of a sphere with a diameter of one calibre. 

In strength, cast iron gave way to wrought iron, the latter to chilled 
cast iron, and now development has reached steel, which will constitute 
the metal of the armor-shot of the future. Steel, as has been shown, 
was successfully used during the earliest period of development ; the 
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metal being crucible steel toughened and hardened by forging and 
tempering. The great cost of these projectiles, however, forbade 
their use until the great improvements in the methods of steel manu- 
facture so reduced the price as to render a development of this type 
of weapon possible. At present great rivalry exists between the repre- 
sentatives of the three great systems of steel-making—the crucible 
process supplemented by thorough forging and tempering, the fluid 
compressing process, and the homogeneous casting (Terre Noire) 
process. As yet, projectiles made by fluid compression are unequalled 
for hardness and tenacity. Although chilled cast projectiles for armor 
penetration must give way in the near future, they hold their own 
well in the struggle, giving excellent results and at a minimum of cost. 

As a very natural result of all these rapid changes and develop- 
ments, it has been a matter of the greatest difficulty to establish any 
laws that would show even approximately the relation of striking en- 
ergy to penetration. It has been, in fact, impossible to derive formulas 
that should be more than emvirical. Before the introduction of armor 
General Didion had investigated thoroughly the conditions of the 
penetration of both spherical and elongated projectiles into earth, 
wood, and masonry, and established formulas that have needed but 
little correction since. 

Mr. Fairbairn, while a member of the Committee on Iron, was the 
first to undertake a thorough investigation of the conditions of pene- 
tration of projectiles into iron plates. The theories which he deduced 
were based upon statical experiments, by punching iron plates under 
the machine ; using cast, wrought, and steel punches with round and 
flat ends. 

He found that the point of rupture of a good plate of a thickness 
up to 44 inches might be assumed as *equal to the thickness of the 
plate; also, that the statical pressure required in punching varied 
approximately as the area of the metal in the section sheared, that 
is, as the circumference of the shot multiplied by the thickness of the 
plate. Starting then with the hypothesis that the work expended bya 
shot in piercing a plate was equal to the striking energy (that is, that 
the destructive power of a shot was not its momentum, as was then 
popularly believed, but its energy), he deduced a formula for the 


penetration of the form 
We 
t =. / w 
cr 


in which ¢ is the thickness in inches to be penetrated, wv* is the en- 
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ergy, 7 is the radius of the projectile, and C is a constant to be deter- 
mined by the results of actual experiment. He then collected all the 
results of the firing experiments that had been made at Shoeburyness 
during the year, and from them found the maximum thickness of 
plates that could be pierced by Armstrong rifles of calibres from the 
6 pdr. to the 40 pdr. Substituting these values for 7 in the above 
formula, he found a value for the constant C. This first trial constant 
was not very close to the truth, as might be expected, owing to the 
lack of sufficient experimental data on which to work. Several im- 
portant points, however, were established. It was found that the 
actual experiments on the firing-ground corresponded very closely 
with those of the punch in the machine. This was a very important 
point, as it led to quite a radical difference in the method of estimating 
the resistance. With the soft substances experimented on by Didion 
the action of the projectile was wedge-like, so that the resistance was 
estimated per sguare unit of area of cross-section. On the other hand, 
the close correspondence of experiment on armor to the action of the 
punch led to the estimation of resistance as per /inear unit of circum- 
Jerence of cross-section. 

It will be noticed by reference to the above formula that Fairbairn 
considered the resistance to penetration to vary as the square of the 
thickness of the plate. This point is the main one that never has 
been satisfactorily determined. In his report for 1862 (the year after 
his first report) Fairbairn suggested that the resistance did not vary 
exactly as the square of the thickness, and he modified his formula to 
correspond to the results of experiments : 


We" un 
=( G ) 


Several new points of great importance were developed by the 
statical experiments of this year, which deserve notice from the verifi- 
cation which the very latest experiments have given them. Fairbairn 
states in his report: 

“ It is evident that the round-ended shot loses more than half its 
powers of resistance to pressure in the direction of its length ; this 
may be accounted for by the hemispherical end concentrating the 
force on a single point, acting through the axis of the cylinder, and 
thus splitting off the sides in every direction. On the other hand, the 
flat-ended shot have the support of the whole base in a vertical direc- 
tion. 
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“It has been correctly stated, that it requires a considerable amount 
of force to break up shot when delivered with great velocity against 
an unyielding body, and it may be thence concluded that the force 
expended in thus breaking up the shot must be deducted from that 
employed in doing work on the plate. This is confirmed by experi- 
ment, which shows that though the whole force contained in the ball, 
when discharged from a gun at a given velocity, must be delivered 
upon the target, the amount of work, or damage done to the plate, 
will depend on the weight and tenacity of the material of which the 
shot is composed. 

“Tf, for example, we take two balls of the same weight, one of cast 
iron and the other of wrought iron, and deliver each of them upon the 
target with the same velocity, it is obvious that both balls carry with 
them the same projectile force as if they were composed of identically 
the same material. The dynamic effect, or work done, however, is 
widely different in the two cases, the one being brittle and the other 
tough. The result is that the cast iron is broken in pieces by the 
concussion of the blow, whilst the other either penetrates the plate, or, 
what is more probable, flattens its surface into a greatly increased area 
and inflicts greater punishment upon it. In this instance the amougt 
of work done is in favor of the wrought-iron shot; but this does not 
alter the condition in which the force was in the first instance delivered 
upon the target, but is entirely due to the superior tenacity of the 
wrought-iron shot to that of the cast iron, which yields to the blow 
and is broken in pieces in consequence of its inferior power of resist- 
ance. The same may be said of steel in a much higher degree.” 

In comparative experiments made with wrought-iron and steel 
punches, Fairbairn estimated that a wrought-iron shot lost about ds 
of its power of penetration, from yielding to pressure and spreading 
itself over a larger surface. 

In conclusion he says: “ From these results and the coincidence 
which appears to exist between the mechanical force of impact and 
Statical pressure, we arrive at the conclusion that any description of 
shot and shell intended for the penetration of armor plates should be 
of hardened stee/, sufficiently tenacious not to break in pieces, and yet 
so hard as to resist compression.” 

Three or four years after this work of Fairbairn’s a formula slightly 
different in shape, and with perfected coefficients, was worked out by 
Major W. H. Noble, Royal Artillery, and was adopted by the 
Government. The general expression was : 

5228.3 
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E being the energy in foot-tons per inch of circumference; s the 
thickness of plate in inches and & a constant, whilst + represented the 
proportion in which penetration varied with regard to the thickness 
of the plate, which, as has been shown, was first declared by Fairbairn 
to vary as the square, and afterwards as the 1.74 power. The formula 


as applied was: oe 
s=(= )) . 
2.53 


It was found, however, with more extended experiments with high 
velocities and thicker plates that this formula was quite deficient in 
accuracy, so that a few years ago it was modified to the form 


=(, E as 
~~ \o.86 


Even this formula is unsatisfactory, and Colonel Inglis has prepared 
another formula, which Captain Orde Browne has reduced to one of 
the same form, except that the square root of £ is taken, and the co- 
efficient (of course, different) is not constant, but varies slowly with 
variations of the proportion of the diameter of the projectile to the 


thickness of the plate. Ss 
s=,/% 
P 


¢ being found from the following table: 


Ratio of thickness Ratio of thickness 
of plate to Corresponding of plate to Corresponding 
diameter of projectile value of c. diameter of projectile value of c. 
5 I.300 1.3 0.981 
6 1.250 1.4 0.964 
7 1.175 1.5 Oo 950 
8 1.125 1.6 0.938 
9 1.083 1.7 0.926 
1.0 1.050 1.8 0.917 
I.I 1.022 1.9 0.908 
1.2 1.000 2.0 0.900 


This formula is the simplest yet devised, and, doubtless, the most 
correct, as in default of a regular law, which could not be applied on 
account of the differences of manufacture of plates and different con- 
ditions of firing, this sliding scale coefficient will produce results 
closer to the actual firing results. 

To Captain Orde Browne is due the credit for a simple rule of 

































DEVELOPMENT OF ARMOR FOR NAVAL USE. 581 


thumb for penetration, which is of great value in making rough 
estimates. This rule is: that the penetration of projectiles into 
wrought iron is one calibre for every thousand feet of velocity. 

When the armor is penetrated by oblique fire, it is generally found 
that the projectile turns and penetrates nearly at right angles, the 
normal factor of the energy per inch of shot’s circumference is then 
—_ which result, substituted for £ in the foregoing formulz, gives 
a very close result for angles up to an inclination of 45° from the 
vertical. 

The formula derived by the Italians, for thick armor, from the 
Spezia trials is of the same form as the Noble one, differing only in 
the coefficient expressing the ratio of thickness to energy. It is: 


s=( E y 
4.154 


The Gavres formula is put under a somewhat different form, and is 
more convenient where it is desired to ascertain the velocity of any 
projectile necessary to pierce a given target. For wrought iron and 
wood backing both are put under the same form, as follows : 


For Iron. For Wood. 
W= 16008 ,"/ 4 U=ose, / 2 
p Vp 
= W*+ UV’ 
W= Velocity in metres. U/= Velocity in metres. 
£= Thickness of plate in deci- ¢== Thickness of wood in deci- 
metres. metres. 
a= Diameter of shot in deci- @=—Diameter of shot in deci- 
metres. metres. 
p=Weight of shot in kilo- f—Weight of shot in kilo- 
grammes. grammes. 


Krupp uses a formula which is somewhat different from the others, 
and is quite simple in character. 


S ¥S 
L= a/ 
10 2r 
27 = calibre of shot in centimeters, S= thickness of plate in centi- 


meters, 2 energy in metre-tons per square centimeter of area of 
projectile necessary to pierce the plate. 
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It has been considered that in applying these formulas to compound 
and steel armor an allowance should be made of from ten to twenty 
per cent. greater energy for piercing ; the rapid increase in quality of 
plates during the past year raising the percentage quite to the latter 
limit. From the last Spezia trials, however, as well as from those at 
Ochta, it has been decided that an entirely new departure must be 
made in determining the law of destruction and formulating it. Such 
a formula cannot be: determined for some time yet, as it requires a 
great number of experiments from which to gather the data; and 
much of the data available, indeed the greater part of it, is practically 
useless, from the varying conditions of plate and projectiles. 

Tests for the Reception of Armor Plates. 

In order to ensure the excellence of all armor plates used in the 
construction of an ironclad, it has always been the custom of d?tferent 
governments (except the United States, where the precaution has 
been entirely neglected) to submit a certain number of plates to a 
series of tests, chemical, mechanical, and firing. The chemical 
analysis and mechanical tests are generally made on specimens taken 
from the scraps of every plate as a check to regularity of manufacture. 
As the firing-test destroys the plate experimented on entirely, it is 
limited to one plate, taken at random from each lot on delivery ; the 
number of plates forming a lot differing according to circumstances, 
such as thickness, size, or conditions of manufacture. In a former 
chapter, a description was given of the first crude method established 
in France, which simply made the chemical and mechanical tests the 
standard guides. 

For the acceptance of the plates of the Gloire and other ships of 
her date, one plate in every delivery of fifty was taken, and three 
shots were fired at it from the French 68 pdr. smoothbore (canon de 
50) with a charge of 17 lbs. of powder at a range of 25 yards. The plates 
were to stand this test without being pierced or showing any cracks. 
In 1863, when the Provence type was built, the test was slightly altered 
by reducing the allowance of maximum penetration. In 1866, for 
the delivery of the plates of the Alma type, the plates were required 
to receive as many projectiles as there were times 60 square centi- 
meters on the surface of the plate ; all fractions to demand an extra 
shot; the plate to show no signs of cracking. With the advent of 
g-inch plates new rules had to be established, and for this thickness 
and over, the French gt inch (24 centimeter) rifle was used, firing one 
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shot for each square metre of surface of plate; the charges varying 
from 35 lbs. for the first shot to 52 lbs. for the last, with a flat-ended 
cylindrical projectile, no cracks being allowed and no piercing; the 
range being 75 yards. The 24 centimeter gun was then adopted for 
all tests, with varying powder charges for the different thicknesses of 
plates. All plates received one shot for each square metre of surface, 
the projectiles for the heaviest plates being cylindrical, and spherical 
for all others. The charge for thick plates was 35 Ibs. of powder, and 
for others 24 lbs. Plates under 5 inches were tested with the smooth- 
bore 68 pdr. under the old rule. 

In England, the 68 pdr. was used in testing plates for reception 
until 1870, when the 7-inch rifle was substituted. The range was 
uniformly 10 yards, each plate to receive 4 shots without cracking 
or piercing. The charge varied with the thickness of the plate, as 
follows : 

12-inch plate, 21 Ibs. 10-inch plate, 17 lbs. 
| oe 7 Ig “ 5 | ie 

The introduction of compound and steel armor required a complete 
alteration in these reception tests. England first established a test-rule, 
upon the supposition that com pound plates might be about 20 per cent. 
thinner than a wrought-iron plate of equal resistance, the calibre of 
gun, charge, &c., to be used in testing are such as would cause per- 
foration of an iron plate 20 per cent. thicker than the compound one. 
The range is established at 10 yards and three shots are fired, each 
projectile falling upon the point of an equilateral triangle, having sides 
of two feet each, described upon the middle of the plate. The first 
shot must not produce any through-cracks and none of the shot must 
get through. 

This test was adopted universally and was used up to the date of the 
last Spezia trials, which, it will be remembered, were for the purpose of 
establishing a test-rule for the heavy plates of the Italia. The rule estab- 
lished by this test, and which has now been adopted in England and 
France, is, that a single shot shall be fired against the centre of the 
plate, with a striking energy sufficient to pierce a wrought-iron plate 
of 25 per cent. greater thickness. The shot not to go through the 
plate, and no piece of the plate to be detached from the backing. 
This rule is for thick plates only, the other one still holding good for 
plates up to 12 and 14 inches in thickness. 
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